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Investigation of the Effects Of The Covid-19 Pandemic on The Transportation Sector: Passenger

Transportation in Turkey and The World

Abdulgazi GEDIK!
Abstract

COVID-19 salgini nedeniyle uygulanan kisitlamalar ve onlemler tiim ulastirma modlarindaki
yolcu ve yiik hareketligini kiiresel olarak etkilemistir. Yeterli ve gerekli sosyal mesafenin
saglanamayacagi endisesi, maske, eldiven ve diger kisisel koruyucu ekipman kullaniminin
yetersiz kalabilecegi endisesi ve bunlara bagli olarak seyahat esnasinda ve sonrasinda
yolcularin enfeksiyon kapabilmesi riski karayolu, demiryolu, denizyolu, havayolu ve
multidisipliner tasimaciliktaki yolcu sayisinda belirgin diisiislere neden olmustur. Kiiresel
talepteki bu keskin diisiis, biiyiik mali kiilfetlere ve likitide problemlerine yol acarak birgok
ulastirma isletmesini nakdi tasarruf saglamaya, personeli isten ¢ikarmaya ve devlet destegi
almaya zorlamistir.

Bu calismada; Tiirkiye’deki her bir farkli ulagtirma modundaki yolcu mobilitesinin COVID-19
pandemisi nedeniyle ne kadar degistigi arastirilarak diinyanin 6nde gelen diger iilkeleriyle
karsilastirmasi yapilmistir. COVID-19 salgini oncesindeki siire¢ (2012-2019) ve pandemi
stireci (2020-2022) dikkate alindiginda Tiirkiye’de yolcu sayisinda en belirgin diisiisiin
yasandig1 ulagtirma sektorii %81°lik azalmaya deniz yolu tagimaciligi olmustur. Diinya
genelinde ise %75°lik bir azalma ile en ¢ok havayolu yolcu sayisinda bir diisiis gozlemlenmistir.
Global pandemi sonrasinda tam iyilesmenin goriilmesi i¢in en az 5-10 yillik bir siireye ihtiyag
duyulan ulastirma sektoriinde devletler ve hiikiimetler motorlu tagima yerine aktif ulagimin
onemini bir kez daha anlamistir. Dolayisiyla diinyanin 6nde gelen iilkelerinde oldugu gibi
Tiirkiye’de de bisiklete binme ve yayalar i¢in yiirliylisii destekleyecek altyapi ¢alismalarina
biiylik bir hiz verilmistir.

Keywords: COVID-19, ulastirma sektorii, yolcu sayisi, kisitlama, pandemi

! Assoc. Prof., Malatya Turgut Ozal University, Department of Civil Engineering, Orcid: https://orcid.org/0000-0002-
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GIRIS

Genis bir viriis grubu olan koronaviriis ailesinin spesifik bir tipi olan SARS-CoV-2"nin (siddetli
akut solunum sendromu koronaviriis-2) neden oldugu COVID-19 pandemisi kiiresel viral bir
enfeksiyondur. {1k olarak Aralik 2019'da Cin'in Wuhan kentindeki bir salginda tanimlanan bu
yeni virlisii kontrol altina almak i¢in yapilan tiim girisimler basarisiz olmustur. Bu viriisiin
neden oldugu enfeksiyon; ilk zamanlarda Asya kitasindaki diger iilkelere ve daha sonra hizli
bir sekilde diinyanin bir ¢ok bolgesine yayilarak epidemik bir salgindan global bir salgina
doniismiistiir. Diinya Saglik Orgiitii (WHO), 30 Ocak 2020'de bu salgimni "uluslararasi dneme
sahip bir halk sagligi acil durumu" olarak ilan etmistir ve 11 Mart 2020'de bu salgini bir
pandemi olarak nitelendirmeye baslamistir. COVID-19 salginin ilk ¢iktig1 giinden 25 Kasim
2023 tarihine kadar diinya genelinde 772.165.753 vaka tespit edilmis ve salgin nedeniyle
6.981.250 hasta hayatim1 kaybetmistir (Ritchie vd., 2023). Bu bilango nedeniyle diinya
tarihindeki en dliimciil salginlardan biri olarak degerlendirilen COVID-19 basta saglik sektorii
olmak {izere ulasim, lojistik, turizm, otomotiv, enerji ve insaat gibi birgok sektdrii hem ulusal
hem de uluslararasi diizeyde olumsuz etkilemistir.

Yeni tip koronoviriisiin yayilmasini engellemek amaciyla diinyadaki birg¢ok tilke ulagim ile ilgili
yeni politika ve stratejiler iireterek ulagim sirketlerini alinan yeni dnlemlere ve kisitlamalara
uyum saglamasini ve seyahat ve yolcu gilivenligini oncelikli kilmasini zorunlu hale getirmistir.
Seyahat kisitlamalari, sosyal mesafeye uyum, COVID-19 test sonuglarinin ibraz edilmesi, asi
zorunlulugu ve yolculukla ilgili bir takim diger giivenlik prosediirleri ulasim sektoriinii 6nemli
olgiide sekteye ugratmistir. Bu zorunlu uygulamalardan dolayr COVID-19 pandemisinden bir
yil sonraki siirecte ekonomik diizeyde en ¢ok etkilenen sektoriin ulasim sektorii oldugu
belirtilmistir (Arap Trade Union Trade Confederation, 2020). Ulasim gelirlerindeki 6nemli
Olciideki diislis ve durgunluk bu sektordeki ve diger ulasim ile ilintili diger sektorleri de
etkileyerek 6zel sirketlerde calisanlarin maaslarinin kesilmesine, isten ¢ikarilmalara, bazi kiigiik
ve orta Olgekli tasimacilik sirketlerinin kiiclilmesine ve hatta kapanmasina neden olmustur. Bu
nedenlerden dolay1 pandemi sirasinda en savunmasiz ve en ¢ok etkilenen sektorlerden biri olan
ulagim sektoriiniin COVID-19’un izlerini de en son atacak sektdr olacagi tahmin edilmektedir
(Arap Trade Union Trade Confederation, 2020).

Bu calisma kapsaminda; Tirkiye’deki ulasim sektoriiniin yolcu tasimaciligi anlaminda
koronaviriis pandemisi nedeniyle ne kadar etkilendigi arastirilarak diinyadaki diger tlkelerle
(Amerika Birlesik Devletleri, Cin Cumhuriyeti, Almanya, Fransa, Rusya, Birlesik Krallik,
Kanada, Avustralya ve Birlesik Arap Emirlikleri) karsilastirilmasi yapilmistir. Bu amagla
COVID-19 salgimi dncesindeki siiregte (2012-2019) ve pandemi siirecindeki (2020-2022) her
bir farkli ulasim modlarindaki (karayolu, havayolu, demiryolu ve denizyolu) yolcu sayisi
dikkate alinarak karsilastirmali olarak yolcu hareketliliginin nasil degistigi incelenmistir.

LITERATUR ARASTIRMASI

Pandemi salgini siiresince karayolu toplu tagima araclarindaki yolcu sayisi énemli 6lgiide
azalirken arag¢siz ulagim (yaya), bisiklet ve kisisel ara¢ kullanimi belirgin bir sekilde artmistir
(Shaik ve Ahmed, 2022). Konfor, giivenlik, giivenilirlik ve rahatlik gibi faktdrler nedeniyle
karayolu tagimacilifinin mihenk tasi olan otobiis yolculugu COVID-19 o6ncesi donemde
diinyanin birgok bolgesinde oldugu gibi Hindistan’daki yolcular tarafindan da sik¢a tercih
edilmekteydi. Ancak salgin doneminde Hindistan’in Guwahati sehrindeki otobiislerin hijyen
acisindan yetersiz kalmasi otobiis yolcularini diger ulagim modlarin1 tercih etmeye zorlamistir.
Ayrica araglarin fiziki durumlarinin kétii olmasi da yolcular1 otobiis kullanmalarindan
vazgegiren bir diger 6nemli faktér olmustur. Bu durum, toplu tagimaciligin bilhassa belediye
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otobiis isletmeciliginin COVID-19 salgim1 nedeniyle biliyiikk bir mali kayipla kars1 karsiya
kalmasina neden olmustur. Otobiis yolculugundaki %60’lara varan azalmaya bagli olarak
birgok siiriicliniin ortalama ticreti %50 oraninda azaltilmis bazilari ise isten ¢ikarilmistir (Deb
ve Hinge, 2023).

Yapilan bir aragtirma COVID-19 pandemisinin Cin’in Zhejiang Bolgesinde karayolu trafigini
%95.5 azalttig1 ve pandeminin karayolu tagimaciligr tizerinde etkisini kisa vadede ¢ok sert
gosterdigini ancak uzun vadede ise bu etkinin dramatik bir sekilde giderek azaldigimi
gostermistir (Wang vd., 2023). Pandemi karayolu tizerindeki trafik akisini azaltirken riskli
stirticli davranislarinda artisa neden olmustur. Dolayisiyla kaza ve yaralanma sayisinda azalma
goriilmesine ragmen yol giivenlik performansinda ciddi bir diisiis ve agir yaralanmali trafik
kazalarinda oransal bir artis tespit edilmistir.

Havacilik; ulagim sektdriinde itici lokomotif bir gli¢ olmasina ragmen COVID-19 salgim
nedeniyle en ¢ok etkilenen ulasim modu olmustur (Sun vd., 2020). Yolcu sayisina bakildiginda
hem ulusal hem de uluslararasi yolcu sayisinda biiyiik bir diisiis yasanmasina ragmen pandemi
iilkelerarasi hele ki kitalararasindaki uguslar1 dolayisiyla yolcu sayisini ¢ok daha etkilemistir
(Sun vd., 2021). Cin’de yapilan bir ¢alisma gittik¢e artan yeni vaka sayisinin ve alinan ilk
onlemlerin ugus sayisint gecici olarak onemli Ol¢iide azalttifini gostermistir. Ancak ayni
calisma erken donemde alinan bu kontrol 6nlemlerinin pandeminin ilerleyen dénemlerinde
havacilik sektoriiniin yeniden toparlanmasina biiyiik katki sundugunu ortaya koymustur (Li vd.,
2022). Pandemi siirecinde azalan yolcu sayisi nedeniyle bazi havayolu sirketleri yolcu
ucaklarini kargo ugaklarina doniistiirerek bu ucaklarla ¢esitli tibbi malzeme ve diger medikal
ekipmanlar1 tagimaya baslamistir. Bu sirketler azalan yolcu sayisina ragmen pandemiye
direnebilmeyi basarabilmis iistelik bazilar1 yillik kar oranlarini bile arttirabilmistir (Sun vd.,
2023).

Cin’in Wuhan kentinde yapilan bir arastirma havacilik tagimaciligina nazaran yiiksek hizl
demiryolu ulagiminin COVID-19 salgininin daha da hizli yayilmasina neden oldugunu
gostermistir (Zhu and Guo, 2021). Bu sonuglar1 dogrulayan baska bir ¢alisma ise hem normal
hizli trenlerin hem de hava trafiginin salgin iizerinde daha az etkili oldugunu ve Wuhan’daki
tam kapanmadan Once hareket eden her bir yiiksek hizli trenin varis noktasindaki sehirde
kiimiilatif COVID-19 vaka sayisim1 %10 arttirdigimi gostermistir (Pang vd., 2023). Sosyal
mesafe kurallarinin tam olarak saglanamadig: kalabalik tren yolculuklarinda yolcularin yiiz
maskesi takmasi ve ellerini dezenfekte etmeleri gibi isbirlik¢i davramis sergilemelerinin hayati
onem arz ettigi belirtilmistir. Tren yolculuklarinda yolcu sikisikligina bagl olarak COVID-
19’un yayilma riskini azaltmada; uzaktan ¢alisma, esnek calisma saatleri ve tren yolculugu
talebinin pik saatlerin digina yayilmasi etkili birer 6nlem olmustur (Vichiensan vd., 2023).
Malezya’da yapilan bir ¢calisma balik¢ilik, deniz turizmi ve deniz yoluyla yapilan petrol ve gaz
tasimaciligina nazaran gemicilik sektoriiniin COVID-19 pandemisi siirecinde deniz ulasim
cesitleri arasinda en az etkilenen sektor oldugunu gdostermistir. Ayrica kisisel koruyucu
ekipmanlarin ve test kitlerinin biiylik bir kisminin gemilerle tasinmasi pandemi esnasinda
gemicilik sektoriiniin 6nemini bir kez daha ortaya koymustur (Menhat vd., 2021). Kuzey-Dogu
Adriyatik Denizi'ndeki Veneto Bolgesi’nde yapilan bir aragtirma; 2017 yilina nazaran tam
kapanma siirecinde deniz araci aktivitesinde %69’luk bir diisiis, balik¢ilik aktivitesinde %84
oraninda bir diisiis ve deniz yolcusu trafiginde ise %78’lik bir diisiisiin yasandigini belirtmistir
(Depellegrin vd., 2020). Bu sonuglar1 dogrulayan baska bir arastirma ise balik¢1 ve yolcu
teknesi/gemilerinin tam kapanma esnasinda ¢ok etkilendigini ve sefer sayilarinda biiyiik bir
diisiis oldugunu ortaya koymustur. COVID-19 salginmnin ilk giinlerinde pandemi; kruz
gemilerindeki kalabalik yar1 kapali alanlar, deniz/okyanus iizerindeyken sinirl tibbi kaynaklar
ve kurvaziyer limanlarinda viriise maruz kalinma nedeniyle birgok yolcu gemisine yayilmustir,
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Kurvaziyer turlarinda tespit edilen bu vakalar hastaligin hizla yayilmasina ve diinya genelinde
riskin daha da ¢ok artmasina neden olmustur (Tardivel vd., 2019). Ingiliz tescilli Diamond
Princess, deniz tasimaciliginda biiyiik bir salgin yasayan ilk kruz gemisi olmustur ve bu gemi
4 Subat 2020'den itibaren Japonya Yokohama'da yaklasik bir ay karantinaya alinmistir. 3711
yolcu ve miirettebatt olan bu kruz gemisinde yaklasik 700 kisi enfekte olmustur ve 9 kisi
hayatini kaybetmistir (Kendrick, 2020; The Guardian, 2020). Yasanan bu kriz nedeniyle bir¢ok
tilke limanlarina kruz gemilerinin yanasmasini engellemistir ve vatandaslarina kurvaziyer
turlarinda seyahat etmekten kaginmalarini tavsiye etmistir. Pandeminin yayilmasini azaltmak
icin alman siki Onlemler ve azalan yolcu talebi nedeniyle cogu kurvaziyer sirketi
operasyonlarini askiya almistir.

COVID-19 ve YOLCU TASIMACILIGI
Karayolu Tasimaciligi

Bu ¢alismada ele alinan tilkelerin karayolu agindaki yolcu sayisinin yillara gore degisimi Sekil-
1’de gosterilmistir. Bu sekilden de anlasilacag lizere yolcu sayisindaki diislisiin yagandigi
ilkelerin basinda Birlesik Krallik (BK) gelmektedir. Pandemi sonrasi donemde karayolu
tasimaciliginin tam olarak toparlanamadig1 Ingiltere’de toplam yolcu sayisindaki azalmanim en
onemli nedenleri; tam kapanma, evden c¢alisma, online aligveris ve trafige kayitli yeni arag
sayisindaki belirgin diisiis olarak siralanmistir.

Toplu tasima araglarini kullanan insanlarin 6nemli bir kism1 Covid-19 salgini boyunca daha
cok ylriimeyi ve daha ¢ok bisiklet kullanmayi tercih etmistir. Dolayisiyla karayolu
tasimaciligindaki yolcu mobilitesindeki bu azalma; trafik sikisikliligini ve beraberinde emisyon
salinimi1 nedeniyle olusan ¢evresel kirlenmeyi de 6nemli dl¢iide azaltmistir. Bu durumu firsata
cevirmek isteyen aralarinda Milan ve New York'un da bulundugu sehirler, bilhassa
metropolitan yollarini bisiklet kullanicilar1 ve yayalar i¢in daha fazla yer agacak sekilde yeniden
yapilandirmaya y6nelik ¢alismalar baglatmistir.

Tiirkiye’de salgin Onlemleri kapsaminda karayolu yolcu tasimacilifina yonelik bir dizi
onlemler alinmustir. Igisleri Bakanligmin 23 Mart 2020 tarihinde yayimladig1 genelgeye bagl
olarak il ve ilgelerdeki tiim sehir i¢i ve sehirlerarasi galisan toplu tasima araglarinda yolcu
tasima kapasitesinin en fazla %50’si oraninda yolcu tasimaciligi yapilmasina miisaade
edilmistir. Ayrica 65 yas ve lizeri yolculara seyahat kisitlamasi getirilerek toplam yolcu
hareketliliginde 6nemli azalmalar goriilmistiir. Bu calismadaki verilere gore Tiirkiye’deki
karayolu tasimacilifindaki yolcu sayist 2019 yilina nazaran 2020 yilinda yaklasik %15; 2021
yilinda ise %1 azalmistir ancak 2022 yilinda toplam 348.489 yolcu sayisi (km-milyon) ile
%?3’lik bir artig goriilmiistiir.
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Karayolu Tagimaciligi
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Sekil 1. Diinyada ve Tiirkiye 'de Karayolu Yolcu Sayis1 Degisimi (OECDiLibrary, 2023).

Not: Cin Cumhuriyeti, Kanada ve Birlesik Arap Emirlikleri (BAE) igin herhangi bir veri
bulunamamustir.

Demiryolu Tasimaciligi

Uluslararas1 Demiryollar1 Birligi, salginin demiryolu tasimaciligi tizerindeki ag¢tig1 krizin ciddi
boyutlara ulastigini belirtmistir. Uzaktan ¢alisma, esnek ¢alisma, yiiz yiize yapilan toplanti
sayisindaki azalma ve tam kapanmalar nedeniyle yolcu trafiginde 6nemli diisiisler goriilmiistiir.
Daha somut olarak, bu ¢alismada incelenen iilkelerin 2020 yilindaki toplam demiryolu yolcu
sayisinda (km-milyon) 2019 yilina nazaran yaklasik %70 oraninda bir azalma oldugu
anlagilmaktadir. Oysaki yiik tasimaciligi pandemi nedeniyle daha az etkilenmis olup bu siiregte
yeni yiik tasima modelleri gelistirilmistir. Bu nedenle, Covid-19 salgini1 sonrasinda demiryolu
ulagtirmasinda yiik tasimaciligindaki toparlanma siireci yolcu tagimaciligina nazaran daha hizli
gerceklesmistir. Bu calismada incelenen iilkelerin demiryolu yolcu sayisinin yillara gore
degisimi Sekil-2’de verilmistir.
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Demiryolu Tasimacilig
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Sekil 2. Diinyada ve Tiirkiye 'de Demiryolu Yolcu Sayist Degisimi (OECDiLibrary, 2023).

Not: Birlesik Arap Emirlikleri (BAE) igin herhangi bir veri bulunamamistir.

Pandemi sonras1 donemde Tiirkiye, Fransa ve Rusya demiryolu tasimacilig1 anlaminda 6nemli
bir ivme yakalamis olup 2022 yili sonu itibariyle bu ii¢ iilkede ayr1 ayr1 toplam demiryolu yolcu
sayis1 2019 yilindaki toplam yolcu sayisin1 ge¢mistir. Tiirkiye’deki demiryolu ag1 iizerinde
2022 yilinda toplam 19.789 (km-milyon) yolcu hareketi tespit edilmis olup bu deger
pandeminin goriildiigii 2019 yili toplaminin hemen hemen %40’ 1ndan daha fazladir. Bu artigin
en dnemli nedenlerinden biri bu siirecte ingaat caligmalar1 tamamlanan yiiksek hizli tren (YHT)
hatlarinin (Ankara YHT-Sogitlicesme/Halkali, Ankara—Karaman YHT, istanbul-Eskisehir
YHT, Istanbul-Konya YHT, Istanbul - Karaman YHT) hizmet sunmaya baslamas: olmustur.

Havayolu Tasimacihig:

2020 y1l1 sonu itibariyle Avrupa Birligi iilkelerinde ugak yolcusu sayisinin toplam 277 milyon
oldugu ve bu degerin 2019 yilina nazaran %73 daha az oldugu goriilmiistiir (Eurostat, 2021).
Uluslararas1 Hava Tasimaciligr Birligi (IATA), havayolu tasimaciligmmin 2021 yili sonu
itibariyle Covid-19 salginmnin en kotli donemini atlattigini belirtmistir ancak havacilik
sektoriiniin viriisiin artik "endemik" bir asamasinda faaliyet gostermesi igin iilkelerin seyahat
kurallarini basitlestirmesinin 6nemini vurgulamistir. Covid-19 6ncesi ve sonrast donemde
diinyadaki farkl iilkelerde ve Tiirkiye’de havayolu tasimaciliginda yolcu sayisinin degisimi
Sekil-3°de verilmistir.
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Sekil 3. Diinyada ve Tiirkiye 'de Havayolu Yolcu Sayist Degisimi (OECDiLibrary, 2023).

Bu c¢alismada incelenen iilkelerin havayolu yolcu sayisinin 2019 yilina kadar arttig1 (Birlesik
Krallik hari¢) gozlenirken Covid-19 salgininin ortaya ¢ikmasiyla birlikte tiim diinyada oldugu
gibi Tirkiye’de de yolcu sayisinda 6nemli bir azalma olmustur. Asinin bulunmasiyla ve
dolayisiyla tam kapanmadan kademeli bir sekilde normallesme siirecine gecilmesiyle birlikte
Cin ve Rusya hari¢ diger iilkelerin havayolu yolcu sayisinda tekrar bir artis egilimi
goriilmektedir. Covid-19 salgminin Cin’de endemik olarak devam etmesi ve 2022 yilinda
baslayan Rusya-Ukrayna savasi sonrasinda Avrupa Birliginin hava sahasin1 Rus ugaklarina
kapatmasi ve ardindan Rusya’nin da 36 iilkeye hava sahasini kapatmasi nedeniyle Cin ve
Rusya’da havayolu tagimaciliginda pandemi sonrasinda tam bir iyilesme saglanamamuistir.
Almanya’daki havayolu yolcu sayisi ise 2022 yil1 sonu itibariyle 155.7 milyona ulagarak Covid-
19 salginin ortaya ¢iktigi 2019 yilindaki toplam yolcu sayisinin (109.63 milyon) iizerine
cikmustir.

Denizyolu Tasimacihig

COVID-19 salgint 6ncesinde yilda 30 milyon yolcu tagimaciligi yapan kiiresel kurvaziyer
pazar1 énemli bir biiylime fazi i¢indeydi. 2019 yilinda toplam 7.5 milyon kurvaziyer yolcusu
olan Avrupa bu kiiresel pazarin %25'ine sahipti. Ancak 2020 yilinda bu oran yaklasik %80
oraninda azalma gostermistir (European Maritime Safety Agency, 2021). Bir bagka veriye gore
ise pandemi Oncesi donemde global olarak 42 milyar dolarlik pazar biiyiikliigiine ulasan
kurvaziyer sektori 2020 yilimi %100°e varan orandaki bir kayipla kapatmistir. Deniz
tasimaciliginin i¢inde bulundugu bu durum McKinsey raporu’nda "Kiiresel kurvaziyer
endiistrisi COVID-19’un baglangicindan bu yana, gelirlerini neredeyse tamamen kaybetti"
seklinde degerlendirilmistir. Bu makalede incelenen iilkelerin tamami i¢in giivenilir veriye tam
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olarak ulagilamamistir ancak Tirkiye, Almanya, Fransa ve Birlesik Krallik (BK) i¢in deniz

yolcusu sayisinin pandemi oncesi ve sonrasinda nasil degistigi Sekil 4’de verilmistir.

Denizyolu Tasimacilig

100000

—a— Tlrkiye
£
=) Almanya
@
>
©
w
s
L
>°. —+— Fransa

Covid-19 Oncesi
Dénem
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Covid-19
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100
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yil

Sekil 4. Diinyada ve Tiirkiye 'de Denizyolu Yolcu Sayisi Degisimi (OECDiLibrary, 2023).

Not: Amerika Birlesik Devletleri (ABD), Cin Cumhuriyeti, Rusya, Kanada, Avustralya ve Birlesik
Arap Emirlikleri (BAE) icin herhangi bir veri bulunamamigtir.

2022 yili itibariyle, bu dort tilke arasinda Covid-19 6ncesi yolcu sayisini yakalayabilen tek tilke
Tiirkiye olmustur. Tiirkiye’de 2019 yilinda seyahat eden toplam deniz yolcusu sayis1 1.612.000
iken bu rakam 2022 yil itibariyle 1.622.000 olmustur. Ayni siiregte BK’da %66, Fransa’da
%23 ve Almanya’da %12’lik azalma kaydedilmistir.

SONUCLAR

Tiim diinyay1 saran coronaviriis salgini nedeniyle en ¢ok etkilenen sektorlerden biri ulastirma
sektorii oldugundan ileriye doniikk yapilan analizlere gore pandemi sonrasi tam bir
toparlanmanin en ge¢ yine ulastirma sektoriinde olacagi ongoriilmektedir. Yolcu tagimaciligi
ve yik tagimaciligi seviyesinde her bir ulastirma modu pandemiden farkli sekillerde
etkilenmistir. COVID-19 salgim siiresince gerek yolcularin kendi tercihleri gerekse zorunlu
kisitlamalar nedeniyle her bir ulastirma sistemindeki yolcu sayisinda onemli azalmalar
gozlenmistir. Bu calismada diinyanin 6nde gelen {ilkeleri ve Tirkiye’de kiiresel salgin
oncesinde ve sonrasinda karayolu, havayolu, demiryolu ve denizyolundaki yolcu sayilarinin
nasil degistigi incelenmistir. Yolcu sayisinda oransal olarak en biiyiik diisiis Tiirkiye’de deniz
yolu tasimaciliginda; tiim diinyada ise havayolu tasimaciliginda goriilmiistiir. Ileriki ¢aglarda
yasanabilecek benzer salginlarin ulastirma sektorii iizerindeki etkilerini minimize veya
tamamiyla yok etmek amaciyla iilkelerin motorlu tasima yerine aktif ulasimi tesvik edici
onlemleri ivedilikle almalar1 biiylik 6nem arz etmektedir.
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Dondurma Uretimi A tiksularmin Elektrokimyasal Ariiminda Organik Bozunma

Parametrelerinin Incelenmesi

Abdulkerim AKYUZ!

Murat SOLAK?
Ozet

Diinya niifusundaki artig, her gecen giin degisen ve gelisen insan ihtiyaclarinin karsilanmasi
adma endiistriyel tesislerdeki iiretimin artmasina neden olmaktadir. Uretim esnasinda
kullanilan hammaddelerin ve tiretim sonucu olusan atiklarin miktar1 olduk¢a fazladir. Bu
iiretimlerin yapilabilmesi i¢in en tabii ihtiyaclarin baginda su gelmektedir. Yiiksek miktarlarda
su tiikketen endiistriyel tesislerde olusan atiksularin aritilmasi ve tekrar kullanilmasi son derece
onemlidir. Dondurma {iretim sektorii su tiiketiminin ve atiksu iiretiminin yogun oldugu
sektorlerden biridir. Yogun kirletici igerigi olan endistriyel atiksularin aritiminda
elektrokimyasal proseslerin kullanimi son dénemlerde artmistir. Bu ¢alismada Al/SS/Al ve
Fe/SS/Fe elektrot baglant tiirlerinin kullanildig1 Elektrokoagiilasyon (EK) prosesi ile Kimyasal
Oksijen Ihtiyac1 (KOI) ve Toplam Organik Karbon (TOK) giderim verimlerinin etkinligi
arastirilmistir. Al/SS/Al ve Fe/SS/Fe elektrot tiirlinlin kullanildig1 elektrokimyasal sistemde
KOI giderim verimleri sirasiyla, %70 ve %65 olarak belirlenmistir. Calismada ayrica,
dondurma atiksularinin biyolojik bozunurlugunun belirlenmesi amaciyla Ortalama Oksidasyon
Durumu (OOD), Karbon Oksidasyon Durumu (KOD) ve KOI/TOK orani gibi parametreler
incelenmistir. Elektrokimyasal proseslerin isletilmesinde en 6nemli parametrelerden enerji
tilketimi, akim verimi, elektrik enerjisi verimi gibi parametreler hesaplanmistir. Elektrotlarin
enerji tilketimi Al/SS/Al igin 6.14 kWh/m?, Fe/SS/Fe i¢in ise 5.20 kWh/m?® olmustur. Calismada
yiiksek KOI icerigine sahip atiksulardan biri olan dondurma {iretimi atiksularinin aritiminda
ozellikle Al/SS/ALl elektrot tiirlintin kullanildig1 elektrokimyasal prosesin etkin oldugu ancak
atitksuyun geri kazanim agisindan yeterli olmadigr ve On aritma olarak kullanilabilecegi
sonucuna ulagilmaistir.

Anahtar Kelimeler: -eclektrokoagiilasyon, dondurma tretim atiksulari, organik bozunma

parametreleri
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1.GIRIS

Yasadigimiz gezegenin %71'den fazlasi sudan olugsa da denizler, yani tuzlu sular, tim su
dagitiminin %97.5'ini olusturmakta, bu da kiiresel olarak kullanilabilir su kaynaklarinin
mevcudiyeti i¢in ciddi bir sorun ortaya ¢ikarmaktadir. Diinya tatli su kaynaklarinin %68'inden
fazlas1 buzullarda ve %30'u yeraltinda bulundugundan, kullanilabilir temiz su kaynaklari
oldukga kisithdir (Balfagih, 2016). Bu nedenle su kaynaklarinin kirlenmesindeki en biiyiik
potansiyel olarak goriilebilecek olan endiistriyel {iretim siireclerinde su tliketiminin ve atiksu
iiretiminin konrollii olmasi, iiretim siire¢leri sonucunda ortaya ¢ikan atiksularin etkin sekilde
aritilarak su dongiisiine dahil edilmesi suyun siirdiiriilebilirligi agisindan olduk¢a 6nemlidir ve
bu nedenledir ki atiksu aritimi i¢in daha etkili ve ucuz teknikler arastirmalarin hedefi olmustur
(Mollah vd., 2001).

Dondurma tiretim tesislerinde su tiiketimi olduk¢a fazladir. Bu nedenle dondurma {iretim
stirecinin ve dondurma iiretimi siirecinde ortaya ¢ikan atiksularin etkin bir sekilde aritilmasi
icin yeni tekniklerin arastirilmasi konusu olduk¢a 6nemlidir. Dondurma, siitlii dondurma, yarim
yagli dondurma ve yagsiz dondurma olarak farkli sekillerde iiretilebilmektedir. Bugiine
baktigimizda ise; seker, yumurta, salep, tatlandiricilar, stabilizatorler, emiilgatorler, aroma
vericiler ve renklendirici pargaciklar ile artik farkl tarzlarda sunulabilen bir son iirlin haline
gelmistir. Arsivlerde yer alan gecmis belgeler, Cinlilerin dondurmay ilk kez yaklasik 3000 yil
once icat ettigini gostermektedir. Kitadaki diger tiirler, dzellikle Italya, Ingiltere ve Fransa'daki
onemli tiirler ilk olarak Cinliler tarafindan iiretilen dondurmadan esinlenilmistir. Atlantik
lizerinden Avrupa'dan Amerika'ya gelmistir. 16. yiizyila kadar uzanan Avrupa tarihi
kayitlarindaki kaynaklar, kis aylarinda daglarin iist kisimlarindan toplanip kirilarak buza
doniistlirtildiiglinii ve buzun kiiglik boélmeli magaralarda depolandigini belirtmektedir. Ancak
bugiinkii dondurma olarak degil bilindik buz yapisindadir. Dondurma {iriinii Avrupa'da ilk kez
13. ylizyilin sonlarina dogru taninmaya baslanmig ve 1296'da Marco Polo'nun Cin seyahatleri
sirasinda gozlemledigi buzdan yapilan yemek tariflerini Venedik'e getirmesiyle dondurma
{iretim siirecleri baslamistir (Oztiirk, 2019).

Siit ve siit Girtinleri iiretim siireclerinde de ciddi miktarlarda su kullanilmakta ve dolayisiyla
yiiksek miktarlarda atiksu olusmaktadir. Bu atiksular yiiksek KOI, Biyolojik Oksijen Ihtiyaci
(BOI), Askida Kati Madde (AKM), yag-gres, TOK gibi kirleticileri igermektedir. Bu tiir
atiksularin aritiminda fiziksel, kimyasal ve biyolojik aritma teknikleri kullanilmaktadir.
Dondurma iiretimi atiksularinin aritiminda konvansiyonel bir aritma dizisi olarak dengeleme,
koagiilasyon, notralizasyon, flokiilasyon, ¢oktiirme, ¢éziinmiis hava flotasyonu, aktif camur ve
son ¢oktirme kullanilmaktadir. Bu proses dizisi ile dondurma iiretim atiksular1 desarj
standartlarin1 saglayacak sekilde artilabilmektedir. Ancak, bu sektorde yeni nesil tekniklerin
gelistirilerek asamalarin daha da azaltilmasi bdylece aritma isletim maliyetlerinin minimize
edilmesi konusundaki arastirmalar yapilmalidir. ileri aritma metotlarindan biri olan
elektrokimyasal yontem, gaz, sivi ve katilarin yer aldig1 ortamlarda kolay uygulanabilmesi ve
kirleticilerin giderilmesi i¢in yeni nesil yoOntemler bashigi altinda Oncli olmaktadir.
Elektrokimyasal ydntemin avantajlarina bakildiginda; elektronlar kullanilarak aritim
gerceklestirilmektedir ve aritim sonucunda yeni 2 {iriinlerin ortaya ¢ikmasi ya da atiklar1 daha
az zararl1 hale getirip ¢evreye olan etkisini azaltmaktadir (Ugurlu, 2004). Elektrooksidasyon
(EO), Elektrokoagiilasyon (EK), Elektrodiyaliz (Oktem, 2014), Elektrodeiyonizasyon(Arnell,
2004) gibi kimyasal aritma teknikleri, su tiplerini pratik kullanim ig¢in kapsamli bir sekilde
hazirlamadaki etkinlikleri nedeniyle son 10 yilda biiytik ilgi gérmiistiir (Garcia-Segura vd.,
2017). EK prosesinde ¢oziiniir elektrot tiirii olarak Al (aliiminyum), Fe (demir), Cu(bakir), Zn
(¢inko), Mg (magnezyum) gibi elektrotlar kullanilmaktadir. Bu proseste ucuz, kolay temin
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edilebilmeleri, daha yiiksek ylik degerligine sahip olmalar1 ve elektriksel ¢ift tabakanin daha
etkili bir sekilde sikistirilmasi nedeniyle Al ve Fe elektrotlarinin kullanimi daha yaygindir (Das
vd., 2022). Al elektrodu ile elektrokimyasal reaktorde meydana gelen reaksiyonlar Esitlik 1-
3’te verilmistir.

Anotta

Al = AP* + 3¢~ (1)
Katotda

3H,0 + 3°~ > 3/2H,y + 30H™ (2)
Cozeltide

A3y + 3H,0 » Al(OH)3 + 3H, (3)

Elektrolitik sistem, demirin oksidasyonunun bir sonucu olarak demir hidroksit, Fe(OH)n
(burada n=2 ya da 3) iretir (Mollah vd., 2001). Fe(OH), sentezi i¢in iki farkli yontem
onerilmistir(Esitlik 4-11).

1.Mekanizma
Anotta

4Fey, — 4Fe* %y + 8e™ (4)

4Fe*% + 10H,05) + 0, (g) = 4Fe(OH)3 () + 8H™ (g (5)
Katotta

8H* (s) +8e” - 4H2 ) (6)
Cozeltide

4Fe(s + 10H,0+0; (5) = 4Fe(0OH)3 (54 4H; () (7)
2.Mekanizma
Anotta

Fe, —» Fe*iy + 2e” (8)

Fe*%s) +20H 7y = Fe(OH), (1 (9)
Katotta

2H,0(5) + 2~ > Hy (g + 20H" (10)
Cozeltide

Fey + 2H,0(5) - Fe(OH); ) + Hy (g (11)

Calismada, Al ve Fe elektrotlarinin kullanildigi EK prosesi ile dondurma iiretimi
atiksularindan KOI ve TOK giderim etkinligi arastirilmistir. Ayrica, organik bozunma
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etkinliginin belirlenigi ortalama oksidasyon durumu ve karbon oksidasyon durumu gibi
parametreleri ile EK prosesinin enerji kullanim etkinligini belirleyen enerji tiiketimi, enerji
verimi ve akim verimi gibi parametreler incelenmistir.

2.YONTEM
2.1 Atiksu Karakterizasyonu

Ham atiksuyun karakterizasyonu Tablo 1’de goriilmektedir. Ham atiksu dondurma iiretimi
yapan bir gida firmasinin atiksu aritma tesisi girisinden alinmistir.
Tablo 1. Ham atiksu karakterizasyonu

Parametre Deger/Konsantrasyon
pH 4,52+0,2
Cozlinmiis KOI 5300 mg/L
TOK 1500 mg/L
Tletkenlik 2,55 mS/cm

2.2 EK Model Reaktorii

EK prosesinin deney diizeneginin sematik gosterimi Sekil 1°de goriilmektedir. Model reaktor,
HxBXL 85x80x80 mm olarak tasarlanmistir. Model reaktorde kullanilan Al elektrodunun
boyutlari, 40*80*0.1 mm, Fe elektrot sistemi igin 40*80*0.3 mm’dir.

o ———1_

Sekil 1. EK Deney Diizenegi

2.3 Deneysel Calismalar

Deneysel ¢alismalarda kesikli olarak ¢alistirilan reaktére 450 mL atiksu numunesi eklenmistir.
Elektrotlar amaglanan elektrot baglant1 sistemine paralel bagli olarak yerlestirildikten sonra
elektroliz islemi baglatilmistir. Cozeltideki anyon ve katyon etkilesimini en iist diizeye
cikarmak, reaktorde ¢okelmeyi dnlemek ve giderme verimliligini artirmak i¢in 150 rpm'lik bir
karistirma hizinda siirekli olarak ¢alistirllmistir. EK prosesinin etkinligini belirlemek amaciyla
TOK ve KOI parametreleri incelenmistir.
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2.4 Metot

Deneysel calismalarda, giris ve ¢ikis suyu drneklerinde KOI konsantrasyonlarinin belirlenmesi
icin Standart Metot (5220 D) metot kullanilmistir. TOK konsantrasyonlarinin belirlenmesinde
Shimadzu TOK cihazi (L model) (TS 8195 EN 1484) kullamlmistir. pH ve iletkenlik,
elektrometrik metoda (SM 4500-H+) gore Hanna cihazi kullanilarak belirlenmistir (APHA,
2012). Akim ve voltaj kontrolii (DC Power Supply (0-30V, 0-3A)) gii¢ kaynagi ile saglanmustir.
Karistirma isleminde SCIlogex MSH 280-Pro model karistiric1 kullanilmistir. pH 6l¢timleri
Hanna HI 2211 model pH metre ile elektrometrik, iletkenlik dl¢iimleri Hach Iletkenlik dlcer ile
elektrometrik yontem ile gergeklestirilmistir.

2.5 Kullamilan Esitlikler
2.5.1 Akim Verimi

Elektrokimyasal oksidasyon prosesinin teknik fizibilitesi genellikle KOI giderimi agisindan
degerlendirilmektedir.  Giderilen ~KOI, akim  verimliligi  kullamlarak  Kirletici
konsantrasyonunda bir azalmaya neden olan elektrik akimi miktaria doniistiiriilebilir. Akim
verimliligi, ilgili elektrot reaksiyonu tarafindan tiiketilen elektrigin devreden gegen elektrige
oranini ifade eder. KOI giderimine dayali akim verimliligi (A.V.) Esitlik 12 ile hesaplanmistir
(Kuleyin vd., 2021).

Akim Verimliligi (A.V.) = n,.F.v. KOlo—KOi¢

Mopit 12

Burada, A.V.: Akim verimliligi, no2: suyun oksidasyonu i¢in gerekli elektron sayisi (n = 4), F:
F Faraday sabiti (96485 C.mol?), v ise atiksu (m®), KOIp ve KOl ise sirastyla, atiksudaki
baslangicta ve oksidasyondan sonra ¢ikis KOI konsantrasyonlaridir. (g/L), Moz: oksijenin
molekiiler agirligi (32 g.mol™?), I, uygulanan akim (A), t ise elektroliz siiresidir (saniye)(Kuleyin
vd., 2021).

2.5.2 Tiiketilen Enerji

Elektrokimyasal proseslerde enerji tiiketimi kirletici giderim verimini ve isletme maliyetini
etkileyen en oOnemli parametrelerden biri olmasi nedeniyle deneysel ¢aligmalarda
degerlendirilmesi gerekir. Enerji tiiketimi Esitlik (13) ile hesaplanmuistir.

E.T.= 2 (13)
v

Burada, E.T.: Enerji Tiiketimi (kWsa/m?®), V: Volt (V), i: Akim (A), t: Zaman (saat), v: Toplam

atksu hacmi (m®)

2.5.3 Ortalama Oksidasyon Durumu

Atiksulardaki organik kirleticilerin biyolojik bozunma etkinliklerinin degerlendirildigi
parametrelerden biri de Ortalama Oksidasyon Durumudur. Ortalama Oksidasyon Durumu
Esitlik 14°te verilen formiil ile hesaplanmistir (GilPavas ve Correa-Sanchez, 2019).

AOS =4 — 15+ (520) (14)
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2.5.4 Karbon Oksidasyon Durumu

Atiksulardaki organik kirleticilerin biyolojik bozunma etkinliklerinin degerlendirildigi
parametrelerden biri de Ortalama Oksidasyon durumudur. Ortalama oksidasyon durumu Esitlik
15’te verilen formiil ile hesaplanmustir (GilPavas ve Correa-Sanchez, 2019).

coD
TOCO)

COS =4 —15%( (15)

3.BULGULAR

3.1. Al/SS/Al elektrot baglanti sisteminin kullamldig: elektrokimyasal reaktorde
elektroliz siiresinin KOI ve TOK giderimine etkisi

Tablo 2’de AI/SS/Al elektrot baglanti sisteminin kullanildig1 elektrokimyasal prosesin deneysel
caligsma sonuglar1 goriilmektedir. Baglangic pH degeri 4.52 iken deneysel ¢alisma sirasinda 5.8-
6.21 araliginda degistigi gozlenmistir. Ortalama voltaj degeri 8.70-9V olarak tespit edilirken,
iletkenlik degeri 2.15-1.96 mS/cm araliginda degisim gostermistir. 5300 mg/L baslangic
konsantrasyonuna sahip atiksuyun ¢cikis KOI degerleri 1595-1990 mg/L araliginda, ¢ikis TOK
konsantrasyonu degerleri 700-920 mg/L olarak tespit edilmistir. KOD degeri -1.3 ten 2.40’ya
ylikselirken, OOD degeri -1.3 ten 0.80’ye yiikselmistir. Deney sirasinda enerji tiiketimi 0.76-
6.14 kWsa/m? olarak hesaplanmustir.

Tablo 2. Al /SS/Al Elektrot baglant1 sistemi deneysel ¢alisma sonuglari

Cikis | KOI TOK N
1K1 2 - IKI . Enerji
Siire(dk) | © ile(t:kens]ik KOl Giderim CTOKS Giderim |\ ~h | ooD Tiiketijmi
pH (mS/cm) (mg/L | Verimi (mg/L) Verimi KWsa/m?
) (%) (%)

0 4.52 2.55 5300 - 1500 - -1.3 -1.3 -

5 5.8 2.15 1990 62.45 920 38.67 2.01 0.75 0.76
10 5.94 2.10 1890 64.33 860 42.67 211 0.70 1.53
20 6 2.05 1850 65.09 840 44 2.15 0.69 3.07
30 6.21 2.00 1705 67.83 800 46.67 2.29 0.80 4.61
40 6.24 1.96 1595 69.90 700 53.33 2.40 0.58 6.14

Ham atiksu ve AIl/SS/Al elektrot baglanti tiirlerinin kullanildig1 elektrokimyasal reaktor ile
aritim sonrasi atiksuyun gorselleri Sekil 2°de goriilmektedir.
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Ham Atiksu Elektroliz Sonrasi
= “4 - -~

PC

Sekil 2. Ham atiksu ve Al /SS/Al elektrot baglanti sisteminin kullanildigi EK sonrast atiksu

Sekil 3’de Al/SS/Al elektrot baglant1 sisteminin kullamldig: elektrokimyasal prosesin KOI-
TOK giderim verimlerinin, ¢ikis KOI-TOK konsantrasyonlariin elektroliz siiresi ile degisimi
verilmistir. Al/SS/Al elektrot baglant: sisteminin kullanildig1 elektrokimyasal proseste KOI
giderim verimi %62.45-69.90 araliginda degisim gosterirken, TOK giderim verimi %38.67-
53.33 arahiginda degisim gostermistir. Siit endiistrisi atiksularindan KOI ve bulaniklik
giderimini tespit etmek igin yapilan deneysel calismada; pH 7, 43 A/m? akim yogunlugu ve 25
dakikalik akim siiresindeki aliiminyum elektrotlar kullanilarak %61 KOI ve %100 bulaniklik
giderme verimi elde edilmistir (Tchamango vd., 2010). Baska bir Al elektrot kombinasyonun
kullanildig1 c¢aligmada ise sadece 2.5 V akim olusturarak KOI giderim verimi {izerine
calisilmistir. Bu deney sonucunda %55.5’lik KOI giderim verimi elde edilmistir(Mollah vd,
2001)

80
Al/SSIAI 5000
70 5
en
60 4000 E
X =
g 50 2
. 3000 #
5 40 g
> S
E 30 2000 £
3 M
T 20 o
1000
10 S
0 0
0 10 20 30 40
Zaman (dk.)

—A—TOK ——KOI —8—C(mg/L-KOI) —a&—C(mg/L-TOK)
Sekil 3.A1/SS/Al elektrot baglant: sisteminin kullamldigu elektrokimyasal prosesin KOI-TOK
Giderim Verimlerinin, ¢tkis KOI-TOK konsantrasyonlarinin elektroliz siiresi ile degisimi

3rd1nternati0nalCongress on Multidisciplinary Natural Sciences(ICOMNAS-2023), Dec07-08 2023 I
Ankara / TURKEY | 26



3"International

Congress on Multidisciplinary Natural Sciences
ISBN: 978-625-6488-58-8

3.2. AI/SS/Al elektrot baglanti sisteminin kullanildig elektrokimyasal reaktoriin Biyo-
Bozunurluk potansiyelinin degerlendirilmesi

Sekil 4’de Al/SS/Al elektrot baglanti sisteminin kullanildig: elektrokimyasal prosesin Karbon
oksidasyon ve ortalama oksidasyon durumlarinin elektroliz siiresi ile deg§isimi verilmistir.
Karbon oksidasyon ve ortalama oksidasyon durumu bakimindan siirenin artmasiyla bu
degerlerin arttig1 belirlenmistir. Bu degerlerin artmasi etkin oksidasyon siirecinin isledigini
gostermektedir.

Ortalama oksidasyon durumu (OOD) ve karbon oksidasyon durumu (KOD) parametreleri
elektrokimyasal prosesler sonrasinda atiksularin biyolojik bozunabilirliginin belirlenmesinde
kullanilan iki 6nemli parametredir. OOD atiksuyun biyobozunurlugundaki degisikliklere neden
olan varyasyonlar1 belirlemek icin kullanilirken, KOI proses verimliliginin gdstergesi olarak
kullanilir (GilPavas ve Correa-Sanchez, 2019).

OOD, atiksuda kalan organik bilesiklerin genel bir Olglisii olarak kullanilabilirken, KOD,
atiksudan CO» formundaki karbonun elimine edilmesini temsil eder. Yiiksek KOD degerleri,
proses ¢ikisindaki organik bilesiklerin esas olarak organik asitlerden olustugunu ve OOD'deki
artigin biyolojik bozunabilirligin arttigin1 gostermektedir (GilPavas ve Correa-Sanchez, 2019).

3
2.5
2
1.5
1
0.5

0
05 0 10 20 30 40
Elektroliz Siiresi (dk.)

AI/SS/AI

KOD&OOD

-1
Karbon Oksidasyon Durumu
-15 Ortalama Oksidasyon Durumu

Sekil 4. Karbon/Ortalama oksidasyon degerlerinin zamanla degisimi

Sekil 4’de, Al/SS/Al elektrot baglant: sisteminin kullanildig: elektrokimyasal prosesin Karbon
oksidasyon ve ortalama oksidasyon durumlarmin elektroliz siiresi ile degisimi prosesin belirli
bir noktasinda KOI degerinin TOK degerine orani, mevcut organik atiksu bilesenlerinin tiirii
hakkinda fikir vermektedir. Sekil 5°de AI/SS/ALl elektrot tiirliniin kullanildig: elektrokimyasal
reaktor i¢in TOK/KOI arasindaki iliski verilmistir. Buna gére, TOK/KOI oran1 1.87 (Bu oran
asagidaki denklemdeki x in 6niindeki katsay1) olarak belirlenmistir. Yiiksek KOI/TOK orani
organik maddelerin etkin sekilde bozundugunu ifade etmektedir (Kobya ve Delipinar, 2008).
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Sekil 5.Dondurma iiretimi atiksuyu icin TOK/KOI arasindaki iligki

3.3. Al/SS/Al elektrot baglant: sisteminin kullanildig: elektrokimyasal reaktoriin enerji
tilketimi, enerji ve akim verimliligi parametrelerinin degerlendirilmesi

Enerji tiikketimi, atiksuyun elektrokimyasal aritimi i¢in en 6nemli konudur. Reaksiyon siiresinin
enerji tikketimi iizerindeki etkisi elektrot baglanti sisteminde belirlenmistir. Enerji tiikketimi
elektroliz siiresinin artmasiyla 0.76’den 6.14 kWsa/m®’e, elektrik enerjisi verimi 1.92°den 12.57
kWsa/m® e artis gosterirken, akim verimi 0.43den 0.060’a azalmistir (Sekil 6). Bu durum, atik
sudaki bozunabilir bilesiklerin konsantrasyonunun azalmasi ve OH™nin iiretilen bilesikleri
verimli bir sekilde bozunamamasi ile agiklanabilir (Kuleyin vd., 2021).

Al/SS/Al

14 05
5 Elektrik Tiiketimi(kWsa/m3)
5 1 Elektrik Enerjisi Verimi(kWsa/m3) 0.45
5 Akim Verimi(%) 04
:é % 10 03538
Z g o 03 z
g < 0255
g S 0.2 £
28 4 0.15%
g ) 0.1
:q;) 0.05

0 0
0 5 10 15 20 25 30 35 40

Elektroliz siiresi (dk.)
Sekil 6.Al/SSIAI elektrot baglant sistemi i¢in Enerji tiiketimi (E.T.), enerji verimliligi (E.V.) ve
akim verimliligi (A.V.)
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3.4. Fe/SS/Fe elektrot baglant: sisteminin kullamldig: elektrokimyasal reaktorde
elektroliz siiresinin KOI ve TOK giderimine etkisi

Tablo 2°de Fe/SS/Fe elektrot baglanti sisteminin kullanildig: elektrokimyasal prosesin deneysel
caligsma sonuglart verilmistir. Baslangi¢ pH degeri 4.52 iken deneysel ¢alisma sirasinda 5.8-8.2
araliginda degistigi gozlenmistir. Ortalama voltaj degeri 7.5-7.65V olarak tespit edilirken,
iletkenlik degeri 2.45-2.77 mS/cm araliginda degisim gostermistir. 5300 mg/L baslangi¢
konsantrasyonuna sahip atiksuyun cikis KOI degerleri 1855-2000 mg/L araliginda degisim
gostermistir. 1500 mg/L TOK degerine sahip atiksuyun ¢ikis TOK konsantrasyonu degerleri
735-840 mg/L olarak tespit edilmistir. KOD degeri -1.3 ten 2.14’a yiikselirken, OOD degeri -
1.3 ten 0.21°e yiikselmistir. Deney sirasinda enerji tiikketimi 0.66-5.20 kWsa/m® olarak
hesaplanmustir.

Tablo 2.Fe /SS/Fe Elektrot baglanti sistemi deneysel ¢alisma sonuglari

Cikis KOI TOK ..

1ki 2 . R Enerji

Siire(dk) | ' ile(t:kenslik KOL | Giderim | CIKIS | Giderim | xop | 0op Tiiketijmi

pH (mS/cm) (mg/L | Verimi TOK | Verimi KWsa/m?

) (%0) (mg/L) (%)
0 452 2.55 5300 - 1500 - .13 | -13 -

5 5.8 2.7 2000 62.26 840 44 2 0.42 0.66
10 6.35 2.77 2020 61.88 820 45,33 1.98 | 0.30 1.32
20 7.48 2.7 1900 64.15 760 49 .33 21 | 0.25 2.60
30 7.94 2.6 1835 65.37 745 50.33 2.16 | 0.30 3.90
40 8.2 2.45 1855 65 735 51 214 | 021 5.20

Ham atiksu ve Al/SS/Al elektrot baglant: tiirlerinin kullanildig1 elektrokimyasal reaktor ile
aritim sonrasi atiksuyun gorselleri Sekil 7°de verilmistir.

Ham Atiksu Elektroliz Sonrasi

Fe| ! I?

Sekil 7. Ham atiksu ve Fe/SS/Fe elektrot baglanti sisteminin kullanildigi EK sonrasi atiksu

Sekil 8°de Fe/SS/Fe elektrot baglant: sisteminin kullamldig: elektrokimyasal prosesin KOI-
TOK giderim verimlerinin, ¢ikis KOI-TOK konsantrasyonlarinin elektroliz siiresi ile degisimi
verilmistir. Fe/SS/Fe elektrot baglant1 sisteminin kullanildig1 elektrokimyasal proseste KOI
giderim verimi %62.26-65 araliginda degisim gosterirken, TOK giderim verimi %44-51
araliginda degisim gostermistir. Siit endiistrisi atiksularindan yag-gres ve KOI'nin
uzaklastirilmasini belirlemek i¢in yapilan deneysel ¢calismada, 1 dakikalik akim siiresi boyunca
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pH 7 ve 6 A/m? akim yogunlugunda demir elektrot baglantili bir EK yontemi kullanilmistir. Bu
arrtim sonucunda ise yag-gres ve KOI'de %99 giderim verimi elde edilmistir (Sengil ve dzacar,
2006). Baska bir demir elektrot kullanildig1 ¢alismada ise KOI ve bulaniklik giderim verimi
lizerine ¢alisilmistir. Uygulanan potansiyel yogunlugu 5.0 V ve 60 dakikalik reaksiyon siiresi
belirlenmistir. Bu deney sonucunda KOI ve bulaniklik giderimi sirasiyla %97 ve %99 oraninda

azalmistir (Melchiors ve digerleri, 2016).
80
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Sekil 8.Fe/SS/Fe elektrot baglant: sisteminin kullanildigi elektrokimyasal prosesin KOI-TOK
Giderim Verimlerinin, ¢ikis KOI-TOK konsantrasyonlarinin elektroliz siiresi ile degisimi

3.5. Fe/SS/Fe elektrot baglant: sisteminin kullamildig: elektrokimyasal reaktoriin Biyo-
Bozunurluk potansiyelinin degerlendirilmesi

Sekil 9°de Fe/SS/Fe elektrot baglanti sisteminin kullanildig1 elektrokimyasal prosesin Karbon
oksidasyon ve ortalama oksidasyon durumlarinin elektroliz siiresi ile de§isimi verilmistir.
Karbon oksidasyon ve ortalama oksidasyon durumu bakimindan siirenin artmasiyla bu
degerlerin arttig1 belirlenmistir. Bu degerlerin artmasi etkin oksidasyon siirecinin isledigini
gostermektedir.

Ortalama oksidasyon durumu (OOD) ve karbon oksidasyon durumu (KOD) parametreleri
elektrokimyasal prosesler sonrasinda atiksularin biyolojik bozunabilirliginin belirlenmesinde
kullanilan iki 6nemli parametredir. OOD atiksuyun biyobozunurlugundaki degisikliklere neden
olan varyasyonlar1 belirlemek icin kullanilirken, KOI proses verimliliginin gdstergesi olarak
kullanilir(GilPavas ve Correa-Sanchez, 2019).

OOD, atiksuda kalan organik bilesiklerin genel bir Slgiisii olarak kullanilabilirken, KOD,
atiksudan CO> formundaki karbonun elimine edilmesini temsil eder. Yiiksek KOD degerleri,
proses ¢ikisindaki organik bilesiklerin esas olarak organik asitlerden olustugunu ve OOD'deki
artisin biyolojik bozunabilirligin arttigim gosterdigini gosterir (GilPavas ve Correa-Sanchez,
2019).
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Sekil 9. Karbon/Ortalama oksidasyon degerlerinin zamanla degigimi

Sekil 9°de, Fe/SS/Fe elektrot baglanti sisteminin kullanildig: elektrokimyasal prosesin Karbon
oksidasyon ve ortalama oksidasyon durumlarinin elektroliz siiresi ile degisimi prosesin belirli
bir noktasinda KOI degerinin TOK degerine oran1, mevcut organik atiksu bilesenlerinin tiirii
hakkinda fikir vermektedir. Sekil 10’da Fe/SS/Fe elektrot tiiriiniin kullanildig: elektrokimyasal
reaktor igin TOK/KOI arasindaki iliski verilmistir. Buna gére, TOK/KOI oran1 1.70 (Bu oran
asagidaki denklemdeki x in 6niindeki katsay1) olarak belirlenmistir. Yiiksek KOI/TOK orani
organik maddelerin etkin sekilde bozundugunu ifade etmektedir (Kobya ve Delipinar, 2008).

2050 Fe/SS/Fe
y =1.7062x + 591.15
2000 R2=0.9126
~ 1950
=
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o 1900
&
1850 Fe/SS/Fe
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1800
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Sekil 10.Dondurma iiretimi atiksuyu icin TOK/KOI arasindaki iliski

3.6.Fe/SS/Fe elektrot baglanti sisteminin kullanildig: elektrokimyasal reaktoriin enerji
tilketimi, enerji ve akim verimliligi parametrelerinin degerlendirilmesi

Enerji tiiketimi, atiksuyun elektrokimyasal aritimi i¢in en 6nemli konudur. Reaksiyon siiresinin
enerji tliketimi lizerindeki etkisi elektrot baglanti sisteminde belirlenmistir. Enerji tiiketimi
elektroliz siiresinin artmasiyla 0.66’den 5.2 kWsa/m®’e, elektrik enerjisi verimi 1.67°den 12.18
kWsa/m®’e artis gosterirken, akim verimi 0.42’den 0.056’ya azalmistir (Sekil 11). Bu durum,
atiksudaki biyo-bozunabilir bilesiklerin konsantrasyonunun azalmasi ve OH™nin iiretilen
bilesikleri verimli bir sekilde bozunamamasi ile agiklanabilir (Kuleyin ve digerleri, 2021).
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Elektroliz siiresi (dk.)
Sekil 7.Fe/SS/Fe elektrot baglanti sistemi i¢in Enerji tiiketimi (E.T.), enerji verimliligi (E.V.)
ve akim verimliligi (A.V.)

4.SONUCLAR

Calismada dondurma tretim atiksularinin Al ve Fe elektrotlarinin kullanildigi EK prosesi ile
KOI ve TOK giderim verimleri arastirilmustir. Al/SS/Al elektrot baglanti sisteminin kullanildig
EK prosesinde ham atiksu pH degeri 4.52 iken deneysel caligma sirasinda (0-40 dk. araliginda)
5.8-6.21 araliginda, Fe/SS/Fe elektrot baglanti tiiriinde ise 5.8-8.2 aralifinda degistigi
gozlenmistir. Fe elektrotlariin kullanildigi sistemde reaksiyon siiresi sonunda pH’nin 7’nin
lizerine ¢ikmasi atiksu desarj araligi olan 6-9’a uydugunu ve pH ayarlamasi yapilmaksizin
desarj edilebilecegini gdstermistir. Bunun yaninda AI/SS/Al elektrot baglanti sisteminin
kullanildig1 EK prosesi ve Fe/SS/Fe elektrot baglanti sisteminin kullanildigi EK prosesinde
yaklasik olarak %35 daha etkin olurken, TOK giderim verimi agisindan hemen aymi etkinligi
gostermistir. Dondurma atiksularinin biyolojik bozunurlugunun belirlenmesi amaciyla OOD,
KOD gibi parametreler incelenmistir. Al i¢cin KOD -1.3’ten 2.4’e yiikselirken, Fe i¢in KOD -
1.3’ten 2.14’e yiikselmistir. Yine Al igin OOD -1.3’ten 0.58’e yiikselirken, Fe i¢in -1.3’ten
0.42’ye yiikselmistir. Ayn1 zamanda KOI/TOK oranina bakildiginda Al ve Fe elektrot tiirii igin
sirastyla 1.87 ve 1.70 olarak belirlenmistir. Yiiksek KOI/TOK orani organik maddelerin etkin
sekilde bozundugunu ifade etmektedir. KOD, OOD ve KOI/TOK oranmna bakildiginda
Al/SS/Al elektrot baglanti tiirliniin, Fe/SS/Fe elektrot baglanti tiiriiniin kullanildigt EK
prosesine gore biyolojik bozunma etkinliginin daha yiiksek oldugunu ispatlamaktadir.

Deney sirasinda maksimum enerji tiiketimi Al/SS/Al ve Fe/SS/Fe elektrot baglanti sistemi i¢in
sirastyla, 6.14 kWsa/m® ve 5.20 kWsa/m?® olarak hesaplanmistir. Bu da Al elektrot baglantili
EK prosesinin enerji tiiketiminin yaklasik %18 daha fazla oldugunu gostermektedir. Her iki
elektrot baglant1 tiirii i¢in enerji tiikketimi ve elektrik enerjisi verimi elektroliz siiresinin
artmastyla artarken, akim verimi atiksudaki biyo-bozunabilir bilesiklerin konsantrasyonunun
azalmasi nedeniyle azalmistir.

Al/SS/Al ve Fe/SS/Fe elektrot baglant1 tiiriiniin kullanildigr EK prosesinin dondurma iiretim
atiksularinin 6n aritiminda alternatif bir proses olarak kullanilabilecegi, verim acgisindan %5°lik
bir farkla Al elektrot tiiriiniin, enerji tiiketimi agisindan % 18’lik fark ile Fe elektrot tiiriiniin
tercih edilebilecegi diisiiniilmektedir.
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On Integer Sequence A001612

Adnan KARATAS

Abstract

The Handbook of Integer Sequences, first released in 1973 and updated in 1995, encompasses
an extensive collection of sequences along with detailed information about each. Nowadays,
the encyclopedia has been digitized and renamed as OEIS (the online encyclopedia of integer
sequences). This study delves into the examination of an integer sequence identified as
A001612, which can be named as shifted Lucas numbers. These numbers exhibit notable
similarities with Fibonacci numbers, Lucas numbers and shifted Fibonacci numbers, the latter
being cataloged under A001611. The literature already contains foundational identities and
equations for shifted Lucas numbers, including the well-known Binet formula and generating
function. These fundamental and essential equations serve as indispensable tools for extracting
needed elements from the integer sequence. In our paper, we present additional identities for
the shifted Lucas numbers, one of them is the Honsberger identity, which perfectly illustrates
the interrelationships between the Lucas and the shifted Lucas numbers. The link between these
two sequences comes from their characteristic equations, which involve the golden and silver
ratios. The mentioned golden and silver ratios are the same famous ratios linked to the Fibonacci
sequence. Additionally, we present identities involving the addition and subtraction of two
consecutive elements of the shifted Lucas numbers.

Keywords: Shifted Lucas numbers, recurrence relations, Honsberger identity

1 Ph.D. Research Assistant, Pamukkale University, Department of Mathematics, e-mail: adnank@pau.edu.tr Otcid: 0000-
0003-3652-5354

3rdInternationa1Congress on Multidisciplinary Natural Sciences(ICOMNAS-2023), Dec07-08 2023 I
Ankara / TURKEY | 34


mailto:adnank@pau.edu.tr

3"International

Congress on Multidisciplinary Natural Sciences
ISBN: 978-625-6488-58-8

Introduction

Fibonacci sequence has its roots from the book Liber Abaci, which was written to show the
supremacy of the indo-arabic numeration system. Also, the book includes some problems and
other algebraic information. One of the problems in the book is rabbit problem which gives the
Fibonacci sequence (Koshy 2019). It is well-known that Fibonacci numbers and its golden and
silver roots are widely observed in the nature, thus widely used in the industry.

The recurrence relation of the Fibonacci numbers and its initial values are

foiz = for1tha
where f, =0and f; = 1.

Another important sequence is the Lucas sequence, which shares roots with the Fibonacci
sequence. The recurrence relation and initial values for the Lucas sequence are given as

Sn+2 = Sn+1 T Sn
where s, = 2 and s; = 1.

In the literature, integer sequences are heavily investigated even today this trend continues. As
the main focus of this research, we study the recurrence relation

Slyyo = Slpyq +sl, — 1

where sl, = 3 and sl; = 2. This sequence is named as A001612. The handbook of integer
sequence Sloane (1973) and its predecessor, the encyclopedia of integer sequences Sloane and
Plouffe (1995), gives the recurrence relation and initial values for the sequence A001612. In
the literature, the papers Fates et all. (2018), Griffiths (2015), Herschend and Jorgensen (2021),
Soykan (2021) mentioned the sequence. Specifically, in Soykan (2021), some identities are
given.

The author named the sequence A001612 as Leonardo-Lucas sequence, but we use shifted
Lucas numbers as a name for the sequence because of the definition of the A001612 is similar
to shifted Fibonacci sequence.

The recurrence relation of the shifted Fibonacci numbers and its initial values are given as

Sn+z = Sp+1 tSp— 1
where s; = 1 and s; = 2.

It can be observed that, the definitions of shifted Fibonacci numbers and Fibonacci numbers are
very similar to the definitions of the shifted Lucas numbers and Lucas numbers. This is the
main reason for our selection of the notation. For more information about shifted Fibonacci
numbers, like Binet formula, generating function, Cassini identity, Catalan identity and many
others, see (Karatas 2023).

In the paper, Soykan (2021), the author gave some fundamental properties for the shifted Lucas
numbers, which we restate some of them.

In the following section, we give necessary identities for the shifted Lucas numbers and give
additional identities for them. In the conclusion, we summarize the study and give ideas for
future research.

Shifted Lucas Numbers

3rdIntemationaICongress on Multidisciplinary Natural Sciences(ICOMNAS-2023), Dec07-08 2023 I
Ankara / TURKEY | 35



3"International

Congress on Multidisciplinary Natural Sciences
ISBN: 978-625-6488-58-8

As we mentioned earlier, the recurrence relation and initial values for the shifted Lucas numbers
are

Slytyr =58l + s, —1
where sl, = 3 and sl; = 2. Some of the elements of the sequence sl,, are given in the following
table with Lucas numbers L,,.
Shifted Lucas Numbers

n 012345 6 7 8 9 10
l, 2 1 3 4 7 11 18 29 47 76 123

sl, 3 2 4 5 8 12 19 30 48 77 124
Employing the definition, the recurrence for the shifted Lucas numbers can be given as

slyyq = 2sl, — sl,_,
where n > 2.

The Binet formula, a well-known identity frequently studied, is presented in (Soykan 2021).
This formula is employed to calculate specific elements of the sequence.

el and g = 1-V5

Theorem 1. Forn > 0,sl, = a™ + ™ + 1 where ¢ = . S

Another mostly studied formula for the sequeces is generating function. We restate generating
function for the shifted Lucas numbers from (Soykan 2021).

Theorem 2. Generating function for the shifted Lucas numbers is

[0

$ - 22
i 1—2x+x3

n=0

In the next theorems, we give our main result using Binet formula and conclude the paper. In
the last section, we summarize the manuscript and give future directions.

The Honsberger identity is commonly studied for the sequences. In the following theorem, we
give the identity for the shifted Lucas numbers.

Theorem 3. For k,n > 1, the Honsberger identity is as follows

Sle-1Sly + SleSlavr = bivkrr + lnve—1 + Slerr + Sz
where [,, and sl,, are nth Lucas and nth shifted Lucas numbers, respectively.
Proof. To prove the theorem, we use the Binet of the shifted Lucas numbers [binet].

Sl_1Sly + slgsl, 1
= (@ T+ + D@ + B+ D)+ (@F + B+ D(a™ + M + 1)

After employing the exact values of golden and silver ratios, we get the following
LHS = lyyke1 + bnvie-1 + ler + bz +2

which ends the proof. O
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Note that, in the identities Lucas and shifted Lucas numbers are appearing which is
direct result of the definition of shifted Lucas numbers. In the following theorems we present
intertwinement of the two.

In the following theorem, we give summation of two consecutive squared shifted Lucas
numbers.

Theorem 4. For n > 1, the following equation holds true
SI2+sl2 ) = slyp_p + Slyy + 2Lp41.
Proof. In order to prove the equation above, we employ the Binet formula.
sE+sl2_ =@ +p"+1)2+ (@™t +p7 1 +1)2

using a = %gand B = %ﬁ
Sl‘,zl + Sl-rzl_l = lZTl—Z + lZn + 2lTl+1 + 2
which ends the proof. O

In the Theorem 6 and Theorem 5, we calculate results and get only Lucas numbers.
These two theorems give a look to the nature of the Lucas and shifted Lucas numbers.

Theorem 5. For n > 0, the following equation holds true
SlySlyys — SlypqSlhyyy = (1)™5 + 1.
Proof. Firstly, in the equation above, we use the Binet formula and get the following form

SlnSln+3 - Sln+1Sln+2
=(a™+ "+ 1)(a™3 + 73 + 1)
_ (aTH-l + ﬂn-l-l + 1)(an+2 + ﬁn+2 + 1)

Secondly, arranging the equation gives us the following form
SlpSlps = Slyy1Slhy, = (D5 + (@™ + " + 1)
Finally, using nth terms Binet formula we get the desired result
SlaSlyss = SlyyaSlyy = (FD"5 + 1.
O

In the last theorem of the paper, we use the definition of the shifted Lucas numbers for the
proof.

Theorem 6. For n > 1, the following equation holds true
sty — 51721—1 = lpt1ln—2 + 2.

Proof. In the equation above, we can use both the definition of the shifted Lucas humbers or
the Binet formula for the sequence. We employ the first one and get the following result.
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sl2—sl2_ =, + 12+ (l,,-, + 1)?,
slZ—slZ_; =y, — L)y + Loy +2)
which gives the following equation
SI2 =Sl = lyiq1lny + 20,5
Conclusion

In this study, we present additional identities for the integer sequence A001612 which we call
as shifted Lucas numbers. Similar to the shifted Fibonacci numbers, shifted Lucas numbers
share common definition. For the future studies, different identities for the sequence can be
calculated.
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Investigation on the Small-Scale ORC Turbine Design

Alperen Bugra COLAK’ !
Oguz ARSLAN

Abstract

The turbine is the most important component in an ORC system that affects the efficiency of
the system. The small scale turbines could be useful to evaluate the waste energy from the small
scale energy systems. Although there are many studies in the literature on radial and axial type
turbine type expanders and positive displacement expanders, the number of studies on
regenerative flow turbomachines is quite limited. In this study, a three dimensional model of a
regenerative flow turbine taken as a reference was created and steady state CFD analysis were
performed on ANSYS / Fluent. Air has been used as the working fluid to verify the analyses.
The results obtained using air was compared with the results in the reference study using
statistical metrics. The performance of the turbine was evaluated with the organic fluid R601
(n-pentane) using the k-w SST turbulence models, which gave the closest results to the results
in the reference study. As a result of the CFD study, the highest efficiency value of 19.37% and
the highest power value of 2.54 kW were obtained for the analyzes between the turbine inlet
temperatures between 475 K and 500 K and the mass flow rate between 0.25 and 1.00 kg/s.
Keywords: Numerical analysis, Micro-scale regenerative turbine, Organic Rankine Cycle,
R601.
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INTRODUCTION

Since the efficient use of the energy sources is one of the most important problems all over the
world, the utilization of the low-grade energy sources such as waste heat and geothermal energy
came into prominence for the last decade. Organic Rankine Cycle (ORC) is the most common
way to evaluate this kind of energy sources. Depending on the complex structure, the turbine
(or expander) is the most critical component to be improved in an ORC (Arslan et al., 2012;
Boukelia et al., 2023).

The turbines mentioned above have complex structures and expensive costs for the small-scale
applications such as residential use and vehicle applications. In this regard, the regenerative
flow turbines (RFTs) are the alternative solutions with their simple structures and lower costs
(Moradi et al., 2020). However, there are limited studies about RFTs in the literature. Moradi
et al. conducted a computational fluid dynamics study on a regenerative flow turbine suitable
for the operating conditions of low-temperature, small-scale organic rankine cycle plants
(Moradi, et al., 2019a). In their studies, they used air with a mass flow rate of 0.1-0.3 kg/s as
the working fluid, and the rotation speed of the turbine they used was in the range of 1500, 3000
and 6000 rpm. With the regenerative flow turbine they analyzed, they achieved 32% isentropic
efficiency at low mass flow rates and high speeds. In another study, Moradi et al. used R245fa
as the working fluid in their computer-aided analysis study with the same turbine geometry and
stated that they obtained power between 100-600W (Moradi et al., 2020). The highest isentropic
efficiency value they obtained in the analyzes using R245fa was 44%, and in another study they
stated that they obtained 45% isentropic efficiency for the same regenerative flow turbine
(Moradi, et al., 2019b). Bartolini and Salvi have shown in their study that some of the energy
lost during gas decompression can be recovered by using a regenerative flow turbine instead of
the throttling valve used to reduce the natural gas pressure in natural gas distribution facilities.
As a result of their experimental study, they stated that the isentropic efficiency of the turbine
is between 29% and 45% (Bartolini and Salvi., 1996).

In this study, a three-dimensional model of a reference regenerative flow turbine was created
and steady-state CFD analyzes were performed on ANSYS / Fluent. Although there are many
studies in the literature on radial and axial type turbine type expanders and positive
displacement expanders, the number of studies on regenerative flow turbomachines is quite
limited. To verify the analyses, the results obtained from the analyzes in which air was used as
the working fluid were taken as reference. These results were compared with the results in the
study using statistical methods, and the performance of the turbine with organic fluid R601 (n-
pentane) was evaluated using k- SST turbulence model, which gave the closest results to the
results in the reference.

MATERIAL and METHOD

The Organic Rankine Cycle System basically works as the Rankine Cycle. However, the ORC
system is an energy production system in which fluids such as hydrocarbons or refrigerants that
can boil at lower temperatures and pressures than water are used instead of steam (Moradi et
al., 2020; Rahbar et al., 2017). ORC systems are a widely used technology for thermal energy
conversion and waste heat recovery, and the smaller capacity Micro-ORC systems of this
system are used up to 100 kWe power values (Zywica et al., 2016; Weil et al. 2019).

Turbines are machines that convert compressible fluids under pressure into energy, and these
machines are among the heat engines. Considering the operating conditions, there are two types
of expanders: positive displacement and dynamic machines (Zywica et al., 2016). These
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expander machines can also be divided into some subgroups; Expanders are classified as turbine
type machines (radial and axial type turbines), positive displacement machines (scroll type,
screw type, rotary vane type, piston type) and ejector type expanders (Hu et al., 2021). Although
turbine type machines are generally used for high power applications and positive displacement
machines are generally used for low power applications, turbine type expanders have also been
used in recent research on low power ORC systems (Sun et al., 2018).

In the internal structure of the turbine geometry used in this study, Bartolini et al. and Moradi
et al the turbine geometry used in the studies conducted by was taken as reference (Moradi, et
al., 2019a; Moradi, et al., 2019b; Moradi et al., 2020; Bartolini and Salvi., 1996). The geometry
of the points where the fluid enters and exits the turbine is different from the model in the
reference study. The generated geometry is shown in Figure 1.

000 0045 0,090 (m)

0pz2 0068

Figure 1. Turbine Geometry and Rotor, Stator, Leakage Flow Sections

The environmental effects of the fluid used in the ORC system are determined according to
ODP (ozone depletion potential), GWP (global warming potential) and ALT (atmospheric
lifetime) values (Saleh et al., 2007).

In the CFD study on the regenerative flow turbine, n-pentane was chosen as the working fluid
because it has suitable thermodynamic properties, has no ozone layer depletion potential, and
its global warming potential value is quite low (Qiu and Entchev, 2022). GWP values in organic
fluids such as R245fa and R236fa are considerably higher than n-pentane. Thermodynamic
properties of n-pentane are given in Table 1 (Qiu and Entchev, 2022).
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Table 1. n-pentane thermodynamic properties

Parameters Value Unit
Molecular Weight 72 g/mol
Critical Pressure 3.36 MPa
Critical Temperature 196 °C
Boiling Point (1 bar) 25.5 °C
Vaporization Heat (1 bar) 358.1 kJ/kg
GWP 4 -
ODP 0 -

CFD Analysis
Governing Equations

Mathematical modeling is used to represent the physical conditions within each cell, with the
following conservation equations for mass, momentum and energy (ANSYS Fluent Theory
Guide, Release 21.0)

Continuity equation is given below:

9 V) =
= +V.(pV) =0 1)
Momentum equation is given below:
p (% +V(V. V’)) = —VP + uv?v )
Energy equation is given below:
a 7 —
= (oh) + V.(pVh) = V. (kVT) (3)

Mesh Structure

CFD analysis were performed on ANSY'S / Fluent. In order to carry out the analyses, a mesh

structure was first created with tetrahedral elements. In order for the computer analysis to

converge faster, the tetrahedral mesh structure was transformed into a polyhedral mesh

structure. The number of tetrahedral meshes used in the created geometry and the mesh numbers

after converting the tetrahedral structure into a polyhedral structure are given in Table 2.
Table 2. Mesh Structure

Grid Information

Tetrahedral Grid Count

Polyhedral Grid Count

Nodes 2992665 17502250
Faces 33204282 20651573
Cells 16362389 3074655

Validation

The accuracy of the values obtained as a result of the analysis of the created turbine model was
compared with the values in the study of Moradi et al. (Moradi et al., 2019a). Analyzes were
made at 3000 rpm turbine speed and the results obtained were tested with different turbulence
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models and compared with the results in the reference study. The fluid used in the analysis for
verification is air and enters the turbine at a temperature of 295 K. The boundary condition for
the entry point is mass flow, and the same mass flow values as in the reference study were used.
The pressure outlet boundary condition was used at the outlet point and this value was 300 kPa
in all analyses. Figure 2 shows the result of the analysis for and 3000 rpm speed.

Turbine Outlet Temperature Change for 3000 rpm (Air)

e 280 Moradi et al. (exp)
% 279 \ —0—kw SST

1o .

s 278 N Moradi et al. (cfd)
c 277 _— k-e

ﬁ 276 T-SST

X

= 275

>

O 274 4

g o ——f—a__g
= o

[ 0.140 0.150 0.160 0.170 0.180 0.190 0.200

Mass Flow (kg/s)
Figure 2. Turbine Outlet Temperature Change for 3000 rpm (Air)

In order to determine which of the turbulence models used is more compatible with the
experimental results in the reference study, the compatibility of the analysis results with the
experimental results (Moradi et al., 2019a) was compared with the help of statistical metrics
such as R? (coefficient of determination), MAPE (mean absolute percentage error) and CoV
(coefficient of variation). These values are given in Table 3.

Table 3. Statistical Metrics for Different Turbulence Models

Turbulence Model

k-w SST k-e T-SST

R? 0,998 0,984 0,984
MAPE 0,457 0,513 0,538
CoV 0,006 0,006 0,006

As a result of statistical analysis, it was seen that the best turbulence model for 3000 rpm was
the k-w SST turbulence model. The turbulence model proposed in the reference study is the k-
w SST turbulence model.

RESULTS AND DISCUSSION

Boundary conditions are total temperature, mass flow rate, and flow direction at the turbine
inlet, and static pressure and backflow total temperature at the outlet. In addition, for the
boundary condition on the turbine walls, a moving wall boundary condition is defined, which
depends on the adjacent cell region (rotor). The mass flow rate defined as the boundary
condition at the turbine inlet is in the range of 0.25-1.0 kg/s. Turbine inlet temperature was
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examined at 475 and 500 K, and turbine outlet pressure was examined as 0.9 MPa. n-pentane
was used as the working fluid.

The performance of the regenerative flow turbine was obtained with the RANS (Reynolds
Average Navier Stokes) approach using the three-dimensional steady-state CFD model and the
k-w SST turbulence model in ANSYS/Fluent 20.2.

The turbine consists of three different sections: rotor, stator and leakage flow zone. Fluid
transfer between these sections is achieved by creating interfaces between different sections.
The validation study was carried out at turbine speed of 3000 rpm. The closest results to the
analyzes in the reference study were obtained with the k-w SST turbulence model. In the study,
changing turbine output power for different mass flow rate and inlet temperature values for

3000 rpm turbine rotation speed is given in Figure 3. The change in turbine efficiency for the
same variables is given in Figure 4.

Mass Flow Turbine Output Power Change
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Figure 3. Mass Flow Turbine Output Power Change

Figure 3 shows the change in mass flow rate and power values from the turbine at 3000 rpm
rotation speeds for different inlet temperatures and 0.9 MPa turbine outlet pressure boundary
condition and 0.25-1 kg/s mass flow range. 0.26 kW power was obtained at 475 K inlet
temperature and 0.9 MPa turbine outlet pressure, 3000 rpm turbine rotation speed, and 0.25
kg/s mass flow rate. When the mass flow rate is increased to 1 kg/s, provided that other
boundary conditions remain the same, the power value obtained is 2.27 kW. For 500K turbine
inlet temperature, the power values obtained from the analyzes are 0.3 kW at 0.25 kg/s and 2.54
kW at 1.00 kg/s.
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Figure 4. Mass Flow Turbine Efficiency Change

Figure 4 shows the change in mass flow rate and turbine efficiency at a rotation speed of 3000
rpm for a turbine outlet pressure value of 0.9 MPa. Efficiency values ranging from 8.22% to
19.37% were obtained for inlet temperatures of 475-500 K in the mass flow rate range of 0.25-
1.0 kg/s. A decrease in turbine efficiency was observed with increasing the turbine inlet

temperature for mass flow rate values higher than 0.44 kg/s at a turbine rotation speed of 3000
rpm.

CONCLUSION

In this study, the operating performance of a regenerative flow turbine with n-pentane working
fluid was evaluated for 3000 rpm speed at 475 - 500 K temperature and 0.25-1.00 kg/s mass
flow rate. The results of the analyzes can be summarized as follows;

When the turbine outlet pressure was kept constant for the specified operating ranges, the
amount of power produced by the turbine increased almost linearly with the increase in mass
flow rate.

For the same inlet temperature and turbine outlet pressure conditions, for a mass flow rate
varying between 0.25-1 kg/s at a turbine rotation speed of 3000 rpm, the turbine efficiency
tended to decrease after reaching the optimum point with the increase in mass flow rate.
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Kocaeli Entegre Saghk Kampiisii’niin Bolgesel Trafik Ve Emlak Degerleri Uzerine Etkisi

Burak BUGAN
Mustata GURSOY?

Ozet

Biiyiik olgekli kamu yatirimlari, bulunduklar1 bdlgeye, yalnizca ingaat asamasinda degil,
ingaatin yapimina karar verildigi andan itibaren belirgin etkiler yaratirlar. Bu tiir kamu
yatirimlart genel ve yerel yonetimlerin uzun planlamalar sonucu karar verdikleri, insaatlari
uzun yillar stiren yatirimlardir. Biiyiik dlgekli kamu yatirimlari, uzun siiren insaat siireci
sebebiyle bu zaman diliminde bolgedeki insanlarin yasantisin1 olumsuz etkilese de sonrasinda
bulundugu bolgeye katma deger saglayan yatirimlardir. Tiirkiye’de “Sehir Hastaneleri” genel
adiyla yapilan kamu yatirimlari, son 10 yilda kamu yatirimlarinda biiytik pay sahibi olmugtur.
Bu ¢alismada, bu kapsamda hizmete alinan Kocaeli Entegre Saglik Kampiisii’niin bolgeye olan
trafik ve emlak etkileri, tesis hizmete alinmadan onceki ve sonraki veriler ile dlgiilmiis ve bu
etkilerin siirdiiriilebilirligi degerlendirilmistir. Caligmanin sonuglarina gore, hastanenin
bolgede trafik yogunlugunda belirgin bir artisa ve emldk degerlerinde yilikselmeye neden
oldugu goriilmiistiir. Amerikan Dolar1 baz alinarak toplanan veriler ile, son 4 yilda, tesisin
yapildig1 cevre mahallelerdeki emlak fiyatlari, tesisi de siurlar igerisinde bulunduran merkez
ilgesi Izmit’in fiyat degisim oranlariyla karsilastirildiginda, yaklasik %20 daha fazla artis
gostermistir.

Mevcut durumda trafik yogunlugundaki degisimin kullanicilara olumsuz etkilerini azaltmak
adina, hastaneye raylt ulasimi miimkiin kilacak olan ve hali hazirda gecikmis olan tramvay
hattinin insasinin hizlandirilmasi dnerilmektedir. Bolge kullanicilariyla yapilan goriismeler
sonucunda hastanenin ana giris bolgesindeki kavsakta iyilestirme calismalarinin yapilmasi
gerektigi anlasilmistir. Dolayisi ile hastaneye yaya olarak ulagsmanin kolaylastirilmasi igin
kamu otoritesinin bu konuda gerekli diizenlemeleri yapmasi gerekmektedir.

Anahtar Kelimeler: Kocaeli, Sehir Hastaneleri, Trafik Yogunlugu, Emlak Degerleri

iiksek Lisans Ogrencisi, Yildiz Teknik Universitesi, burakbugan@gmail.com Orcid: 0009-0009-7540-1291
2Dog. Dr., Yildiz Teknik Universitesi, gursoy@yildiz.edu.tr Orcid: 0000-0002-3782-5941
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GIRIS

Glinlimiizde hastane, yol, metro, havalimanlar1 gibi kamu yatirimlari ile aligveris merkezleri,
is merkezleri, konut, turistik tesis gibi 6zel yatirimlar, yapilmaya karar verildikleri andan
itibaren c¢evrelerinde belirgin degisimlere yol acarlar. Tiirkiye’de son 10 yilda “Sehir
Hastaneleri” genel adiyla 23 adet tesis hizmete alinmistir ve halen farkli illerde 11 adet sehir
hastanesinin yapimina devam edilmektedir. Bu tesisler, bulunduklar1 bolgede dnemli 6lgiide
degisimleri de beraberinde getiren kamu yatirnmlarindandir. Bu yatirnmlar biiyiikliikleri,
donanimlar1 ve isletmeye alim siirecinde ¢evre hastanelerinin bir kisminin bu yeni yapilara
taginmalar1 sebebiyle bulunduklar1 mevkide ve sehirde biiyiik Olclide degisimlere sebep
olmaktadirlar. Hatta bu tesisler bulunduklari sehirlerin yami sira, yakin g¢evredeki il ve
ilcelerden de saglik hizmeti almak isteyen vatandaglara da hizmet vermektedir.

Kocaeli Entegre Saglik Kampiisii, 1220 yatakli, 218 poliklinigi, 63 ameliyathanesi ve yaklasik
400.000 m? kapali alaniyla bu konsept ile insa edilen, Tirkiye’nin en biiylik saglik
komplekslerinden biridir. 03 Nisan 2023’te hizmete giren kampiis, Saglik Bakanligi’nin
vizyonu ve bolgenin saglik ihtiyaglarim karsilamak iizere Kocaeli’nin merkez ilgesi izmit’in,
yeni yerlesimlerinin de yogunlastigi ve sehrin dis ceperinde kalan kuzey dogusunda
konumlanmistir (Bknz: Sekil 1).

@

Sekil 1: Kocaeli Entegre Saglik Kampiisti Lokasyonu (My Maps, 28.11.2023).

Kocaeli Entegre Saglik Kampiisii, biiyiikliigii nedeniyle, tesisin ingaat asamasindan baslamak
iizere, ¢evresinde belirgin etkiler yaratmistir. Insaat siirecinde, ¢evredeki emladk fiyatlar
degisimleriyle, isletmeye alindiktan sonra ise tesis calisanlar1 ve saglik hizmeti almak i¢in
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gelen hastalarin olusturdugu trafik etkisi, tesisin yakin c¢evresindeki ¢evre yollarda gozle
gortliir ve de Olciilebilir degisikliklere yol agmustir.

YONTEM

Bu calisma, Kocaeli Entegre Saglik Kampiisii’niin hizmete alindiktan sonra g¢evresinde
yaratmis oldugu en belirgin etkilerden olan bolgesel trafik ve emlak degerlerindeki degisimleri
incelemeyi amaglamaktadir. Literatiirde, yatinmlarin bulunduklart bolgeye etkilerini
gozlemleyen calismalar ile kisa ve orta vadeli trafik tahminlerini elde eden g¢alismalar
incelenmistir. Bu kapsamda, tesisin hizmete girmeden Onceki ve sonraki donemlerde,
bolgedeki trafik akist ve emlak fiyatlar1 verileri toplanarak karsilastirilmistir. Kampiisiin
isletmeye alimmasiyla birlikte bolgeye olan etkileri, saha caligmalariyla toplanan trafik
verileriyle ve emlak piyasasindaki degisimler gozlemlenerek degerlendirilmis, gelecekteki
durum i¢in tahminler ve iyilestirme Onerileri sunulmustur.

MEVCUT CALISMALAR
Yatirimlarin Bulunduklar1 Bélgeye Etkilerini inceleyen Calismalar

Tiirkiye’de, bu sekilde yapilmis olan tesislerin etrafinda olusturdugu trafik veya emlak iizerine
olan etkileriyle ilgili yapilan arastirmalar kisithdir. Calismalar genellikle Ulastirma
yatirimlarinin ¢evre etkileri olarak yogunlagmistir.

(Berna AKSQY, 2018) tarafindan sunulan “Ulastirma Projeleri Ile Kentsel Doku Etkilesiminin
Degerlendirilmesi Uzerine Bir Inceleme: T5 Eminonii- Alibeykdy Tramvay1 Ornegi” baslikli
calismada, Tiirkiye'nin en kalabalik sehri olan Istanbul’da 5 adet ulastirma projesi
degerlendirilmistir. Yavuz Sultan Selim Kopriisii’niin etrafinda bulunan ormanlara ve sehrin
su ihtiyacin karsilayan su havzalarina yonelik olasi etkilerine yer verilen ¢alismada koprii
insasinin agabilecegi rant kapilarina da deginilmistir. Yapimi tamamlanmis ve Istanbul’un
Avrupa Yakasi’nda dikey olarak konumlanmis en 6nemli hatti olan M2 Yenikapi-Haciosman
metro hatt1 {izerinde bulunan Hali¢ Metro Gegisi’'nin tarihi kent dokusuna uyumlu olmadig,
Hali¢ bolgesi ve Tarihi Yarmmada’nin siluetini golgeleyecek sekilde konumlandigi
belirtilmistir. Yine Tarihi Yarimada’da konumlanan Avrasya Tiineli’nin, hizmete agildiktan
kisa stire i¢cinde yakit ve maliyetlerde tasarruf saglamasina ragmen bulundugu bdlgenin tarihi
ve kiiltiirel 6nemine binaen ara¢ trafigini artirici etkisi olabilecegini, uzun vadede
yaratabilecegi trafigin bolgeye faydadan ¢ok zararinin olabilecegine deginilmistir. Yine
Istanbul’un iki yakasini birbirine baglayan bir rayl1 sistem hatt1 olan Marmaray’in, sehrin en
onemli ve kalabalik meydanlarindan olan Uskiidar istasyonundaki giris ¢ikis yapilari, tarihi
meydan goriintimlerini golgeledigi ifade edilmistir. Yine calismanin hazirlandig yil yapimi
devam eden T5 Emindnii-Alibeykdy Cep Otogari Tramvay Hatti Projesi’nin bulundugu rota
itibartyla mevcut otobiis hatlarinin yiikiinii rayl1 sisteme yonlendirebilecegi ve kullanicilara
alternatif saglayacagi belirtilmistir. Bunlarin yani sira hattin gectigi bolge tizerindeki yesil
alanlarin daraltilmasi ve ingaat siiresi boyunca santiye alani olarak belirlenen bolgelerin ¢evre
kullanicilarina olumsuz etkilerinden bahsedilmistir.

(BACARAN, 2014) tarafindan yapilan “Mega Ulastirma Projelerinin Istanbul’a Etkilerinin
Arastirilmas1” baslikli yiiksek lisans tezinde, Istanbul’da yapimi devam eden dort mega
ulastirma projesinin (Istanbul 3. Havalimani, Kuzey Marmara Otoyolu ve 3. Bogaz Képriisil,
Marmaray ve Avrasya Tiineli) sehre olasi etkileri Delphi teknigi ile arastirilmistir. Calismada,
ulastirma alaninda uzman 25 kisilik bir grupla ii¢ tur anket uygulanmais ve projelerin ekonomik,
sanayi, niifus, ulasim ve g¢evre acisindan olumlu ve olumsuz yonleri belirlenmesi
amagclanmustir. Calismanin sonucunda, projelerin istanbul’a hem fayda hem de zarar getirecegi,
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ancak zararlarin faydalardan daha agir basabilecegi goriilmiistiir. Ozellikle kent kuzeyindeki
dogal kaynaklarin ve habitatin tahribati, niifus artis1 ve gog, trafik sikisikligi ve karbon
emisyonu artis1 gibi olumsuz etkiler dikkat ¢ekmistir. Calisma, bu projelerin planlanmasi ve
uygulanmasinda daha dikkatli ve siirdiiriilebilir bir yaklagimin gerekliligini ortaya koymustur.
(BAYRAM, 2010) tarafindan hazirlanan “IBB Ulastirma Yatirmalarinin Gayrimenkul
Degerleri Uzerine Etkileri” baslikli yiiksek lisans tezinde ulagim yatirimlariyla gayrimenkul
degerleri arasindaki iligki irdelenmis olup, ulagim araglarinin konut ve is yerlerine yakinligiyla,
degerleri arasinda Istanbul 6zelinde dogrudan artisa yonelik bir etki oldugu goriilmiis, ulasim
maliyeti farkinin, arsanin rant1 oldugu tespit edilmistir.

Gelecekteki Tahmin Yontemlerini inceleyen Cahsmalar

Ulasim etki analizinde gelecek donem verilerinin tahmini ve karsilastirilmasinda literatiirde
farklt yontemler kullanilmistir. Cogunlukla ¢aligmalar anlik veri tahmini saglamakla birlikte
orta vadeli ve uzun vadeli trafik tahminlerinde kullanilan yontemler kisithdir. Asagidaki
makaleler kisa ve orta vadeli tasit trafigi tahmininin literatiirde hangi yontemler kullanilarak
yapildigini derlemistir.

(ERKMEN, 2013) tarafindan yayinlanan “Kisa siireli trafik sayimlarindan yillik ortalama
giinlik trafigin tahmin edilmesi” baslikli yiiksek lisans tezinde; Karayollar1 Genel
Midiirliigii’nden temin edilen tasit verileri ile her tasit cinsi i¢in ayrt ayri trafik hacimleri
belirlenmistir. Hesaplanan bu veriler ile bir sonraki seneye ait YOGT (Yillik Ortalama Giinliik
Trafik) tahmini yapilmig ve yilin sayilan gercek YOGT wverileri ile karsilastirilmistir.
Karsilagtirilan verilerin incelenmesi sonucu, genisletme katsayist ile yapilan tahminlerin,
sonradan alinan gercek veriler ile yakinlik gosterdigi tespit edilmistir.

(Yin X., 2021) tarafindan yayinlanan Deep Learning on Traffic Prediction: Methods, Analysis
and Future Directions baslikli ¢alismada derin 6grenme metotlar1 ile yapilacak tahminler
hakkinda ¢esitli yaklasimlar1 iceren farkli calismalara deginilmistir. Klasik metotlarin da
degerlendirildigi calismada; derin 6grenme yonteminin siirlamalar1 ve zorluklarina yer
verilmistir. Klasik yontemlerin en ¢ok tercih edilenlerinden olan ARIMA (Autoregressive
Integrated Moving Average) yonteminin kiiglik veri kiimelerinde daha kullanigh olmalarinin
yan1 sira kompleks ve dinamik veri setleri i¢in kullanimlarinin yaygin olmadiklarina
deginilmistir. Gilinlimiizde derin 6grenme yontemlerinden, klasik 6grenmeye oranla daha ¢ok
faydalanildig1 bilinmektedir. Calismada mevcut trafik tahmin yontemlerini 6zetleyen
siiflandirmaya yer verilmistir. Sekil 2°de gosterilen dagilimda, trafik tahmini yontemlerinin
klasik ve derin 6grenmeyi ana baslik olarak kabul ederek bir¢ok farkli yontemleri belirttigi
gorilmektedir.
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Sekil 2. Trafik Tahmin Yontemlerinin Temel Teknikleri (Yin X., 2021, p. 3)

Tablo 1°de farkli tahmin ¢iktilar1 i¢in daha 6nce yapilmis olan ¢alismalarin referanslari verilmis
olup, ¢ogunlukla trafik tahmininin kisa siireli olarak yapilabildigi goriilmektedir.

Tablo 1. Derin Ogrenme Yaklasimlarinin Kategorizasyonu (Yin X., 2021, p. 9).

Application task ‘ Dataset ‘ Time interval ‘ Prediction window MAPE ‘ RMSE
TaxiBJ 30min 30min 25.97% [90] 15.88 [90]
PeMSD3 Smin 60min 16.78% [56] 29.21 [56]
Flow PeMSD4 Smin 60min 11.09% [65] 31.00 [65]
PEMSO07 Smin 60min 10.21% [56] 38.58 [53]
PeMSD8 Smin 60min 8.31% [65] 24.74 [65]
NYC Bike 60min 60min - 6.33 [87]
T-Drive 60min 60/120/180min - 29.9/34.7/37.1 [58]
METR-LA Smin 5/15/30/60min 4.90% [54)/6.80%/8.30%/10.00% [107] 3.57 [54)/5.12/6.17/7.30 [107]
PeMS-BAY Smin 15/30/60min 2.73% [551/3.63% [62)/4.31% [62] 2.74 [55]/3.70 [55]/4.32 [62]
PeMSD4 Smin 15/30745/60min 2.68% [531/3.71% [53]/4.42%/4.85% [106] 2.93/3.92/4.47/4.83 [106]
Speed PeMSD7 Smin 15/30745/60min 5.14%/7.18%/8.51%/9.60% [106] 3.98/5.47/6.39/7.09 [106]
PeMSD7(M) Smin 15/30/45min 5.24%I7.33%/8.69% [51] 4.04/5.70/6.77 [51]
PeMSDS8 Smin 15/30745/60min 2.24%/3.02%/3.51%/3.89% [106] 2.45/3.28/3.775/4.11 [106]
SZ-taxi 15min 15/30/45/60min - 3.92/3.96/3.98/4.00 [102]
Los-loop Smin 15/30745/60min - 5.12/6.05/6.70/7.26 [102]
LOOP Smin Smin 6.01% [103] 4.63 [105]
Q-Traffic 15min 15730745760/ 4.52%17.93%/8.89%19.24%/ 1731 B
75/90/105/120min 9.43%/9.56%/9.69%/9.78%
NYC Taxi 30min 30min - 8.38 [72]
Demand NYC Bike 60min 60min 21.00% [77] 4.51 [77]
TaxiBJ 30min 30min 13.80% [77] 17.24 [77]
Travel time Chengdu - - 11.89% [116] -
Occupancy PeMSD-SF 60min (27 4'31[1':2?;;:; Zg‘;dmi) 16.80% [84] _

Calisma Bolgesi

Kocaeli, yerlesim tarihi milattan 6nce 700’1 yillara dayanan, Marmara Bolgesi’nin dogusunda
Istanbul, Yalova, Bursa ile Sakarya arasinda bir ildir. Izmit Korfezi’ni ¢cevreleyen smirlari ve
Istanbul’a komsu olmasmin yani sira bircok ana ulagim rotasmnin {izerinde bulunan sehir
giinlimiizde Tiirkiye’nin en 6nde gelen sanayi ve ticaret kentlerinden biridir. Niifusu 2022 yili
TUIK verilerine gére 2 milyon 79 bin 72 kisidir. 2021 yili TUIK verilerine gére kisi bagina
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153 bin 479 TL gayrisafi yurt i¢i hasila ile Tiirkiye’de ilk sirada yer almaktadir. Karayolu trafik
hacminin en yogun oldugu Ankara-Istanbul giizergahinin iizerinde bulunan il, ana giizergahlar
Ankara, Eskisehir, Konya ve Sivas olan Yiiksek Hizli Tren Hatlarinin giizergahlarini da
sinirlar igerisinde barindirmaktadir.

Veri Toplama Araclari

Trafik Yogunlugu Verileri: Bu veri grubu, hastane agilmadan dnce (2022) ve sonra (2023)
olmak tizere iki farkli zaman diliminde, hastaneye ulasimin ana arterleri olarak belirlenen
kesimlerden saha ¢alismasi ile alinan ara¢ sayim verilerini igerir. Giinlin en kalabalik saati
olarak tespit edilen saat 07:45 — 09:15 saatleri arasinda hastane yoniine dogru tek yonde gecen
ara¢ sayisini araglarin tipine (otomobil, minibiis, otobiis, kamyon vb.) gore siniflandirmak
iizere kaydedilmistir.

Emlak Degerleri Verileri: Bu veri grubu, sahibinden.com internet sitesinden temin edilmis,
giiniimiizden ge¢mise dogru 4 yillik satilik konut fiyatlarinin TL/m? bazinda toplanarak
hazirlanmistir. Tiirkiye Cumhuriyet Merkez Bankasi’nin aylik ortalama kur degisim verileri ile
Amerikan Dolarina c¢evrilmistir. Veriler kendi igerisindeki artislar gozetilerek degil; aym
donemde hastaneye en yakin mahalleler ile merkez ilgeler karsilastirilarak degerlendirilmistir.

Inceleme

Sekil 2.’de Kocaeli ilinin toplam niifus miktar1 ile Kocaeli iline kayitli olan motorlu kara tasit
sayisini gosteren grafik verilmistir. Yine ayni tabloda bu degerlerin sayisal olarak birbirine
oranlar1 gosterilmis olup arag sahipligi oranlarinda her yil lineer bir artis gézlemlenmektedir.
2012 yilinda 1000 kisiye diisen arag¢ sayisi 168 iken 2022 yilinda ayn1 oran 1000 kisiye 225
olarak belirtilmistir. Bu verilere gore Kocaeli ilinde niifus her y1l ortalama 2% - 2.5% araliginda
artarken, arag sahipligi ise ortalama 5% - 6% araliginda artig gostermektedir.

Nufus, Motorlu Kara Tasiti Sayilari ve Oranlari
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Sekil 2. Kocaeli Ili Niifus, Motorlu Kara Tasiti Sayilart ve Oranlart (TUIK)
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SONUCLAR VE ONERILER

Bu calisma, Kocaeli Entegre Saglik Kampiisii’niin hizmete girdikten sonra ¢evresinde yarattigi
ve yaratabilecegi trafik ve emlak degerlerindeki degisimleri analiz etmek iizere hazirlanmistir.
Veriler, hastane agilmadan once ve sonra olmak {izere iki farkli zaman diliminde toplanmis ve
karsilagtirilmistir. Calismanin anlik sonuglar1 sunlardir:

Trafik yogunlugunda artis: Hastaneye ulasimin ana arterleri olarak belirlenen kesimlerde,
hastane yoniine dogru tek yonde gecen arag sayisinda, hastane agilmadan 6nceki doneme gore
gozle goriiliir bir artis tespit edilmistir. Bu artis, arag tiplerine gore de farklilik gostermis,
otomobil, minibiis ve otobiis sayilarinda daha belirgin bir yiikselme goriilmiistiir. Bu durum,
hastane c¢alisanlar1 ve saglik hizmeti almak ic¢in gelen hastalarin olusturdugu yeni ulasim
talebinin bir géstergesidir. Hastanenin agilmasindan sonra alinacak olan saha verileriyle sayisal
olarak bu artigin hangi oranda gerceklestigi belirlenecektir.

Emlak degerlerinin degisimini incelemek amaciyla bolgedeki satilik ev fiyatlarinin TL/m?
iizerinden son 4 yil igerisindeki degisimi sahibinden.com sitesinden temin edilmis ve
karsilastirilmistir. Son yillardaki enflasyon ve kur dalgalanmalarindan dolay1 hesaplamalar
Amerikan Dolart cinsinden yapilmistir. Kur degisimi, Tiirkiye Cumhuriyet Merkez
Bankasi’nin Elektronik Veri Dagitim Sistemi (EVDS) iizerinden aylik ortalamalar alinarak
hesaplanmustir. Yine son yillarda COVID-19 pandemisi sebepli tedarik zincirindeki aksamalar
ingaat yapim maliyetlerini de etkilediginden, yillara gore fiyat degisimini dikkate almak yerine;
hastanenin bulundugu merkez ilgenin 4 yillik fiyat degisimi oram ile, hastaneye en yakin 2
mahallenin fiyat de§isimi oranlarn kendi icinde karsilastirilmistir (Kocaeli Satilik Konut
Metrekare Fiyatlart (TL)., Son Erisim: 26.11.2023). Sekil 3.’te gosterilen verilere gore; 2
mahalledeki yillik satilik konut fiyatlar1 degisim oranlari, merkez ilge olan Izmit’e gore oldukga
yiiksektir. Ozellikle hastanenin hizmete alindig1 2023 yilinda, Izmit genelinde 201%’lik artis
gbzlemlenirken, hastaneye en yakin yerlesim yeri olan Yesilova mahallesindeki 4 yillik
degisim 236% olarak tespit edilmistir.

Satilik Konut Fiyatlari Degisimi

o 236%
0,
0,
o . 104%
1 Yillik Degisim
0% 50% 100% 150% 200% 250%

Yesilova M Giindogdu M izmit

Sekil 3. Kocaeli Ili, Izmit Ilcesi ile Yesilova ve Giindogdu Mahalleleri Satilik Konut Fiyatlar:
Degisimi.
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Hali hazirda Kocaeli sinirlar1 igerisinde bulunan Akgaray isimli tramvay hattina da aktarmali
olarak baglanacak olan yeni tramvay hattinin bitirilmesi ve hizmete alinmasi hastaneye
ulasimin kolaylastirilmasi ve trafik yogunlugunun azaltilmasi i¢in elzemdir. Bolge sakinleriyle
daha once sozlii yapilan goriismelere dayanarak, hastanenin ana girisinde bulunan doénel
kavsagin fiziksel olarak kullanim zorlugunun oldugu, siirekli trafik kazalarmin yasandigi
bilinmektedir. Kisa vadede bu kavsagin iyilestirilmesi adina ilgili kamu birimlerince, ulagim
aglar1 iizerindeki eksik tabela ve isaretlerin diizenlenmesi, hiz smirlarinda gerekli
diizenlemelerin yapilmasi gerekmektedir. Yine cevre sakinleriyle yapilan goriismelerde,
cevredeki konut alanlariin kus ugumu mesafesinin yakin olmasina ragmen yaya ulagiminin
zor oldugu dile getirilmektedir. Bu nedenle, bolge sakinlerinin ulagimini kolaylastirmak i¢in
gerekli caligmalarin yapilmasi tavsiye edilmektedir.

Ayrica, uzun vadede hastane c¢evresindeki yollarin genisletilmesi, kavsaklarin iyilestirilmest,
park alanlarinin artirilmasi gibi fiziksel diizenlemeler de planlanarak ytiriirliige koyulmalidir.
Hastanenin bolgedeki emlak degerlerini artirmasi, bolge sakinleri ve yatirimcilar i¢in bir firsat
olusturmaktadir. Ancak, bu durumun spekiilatif bir balon yaratmamasi ve bdlgedeki sosyal
dengeleri bozmamasi i¢in, emlak yonetiminin etkin bir sekilde yapilmasi 6nemlidir. Bu amagla,
bolgedeki emlék fiyatlarinin izlenmesi, vergilendirilmesi, kentsel doniisiim ve yenileme
projelerinin planlanmasi gibi tedbirler alinabilir.
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Controlling of Gryllotalpa gryllotalpa L. (Orthoptera: Grylotalpidae) by Entomopathogenic

Nematodes

Dogancan KAHYA
Refik BOZBUGA?

Abstract

Numerous factors influence yield during the cultivation of agricultural products. Among these
factors, pests, diseases, and weeds cause both yield losses and a reduction in product quality,
resulting in economic losses in agricultural production. Gryllotalpa gryllotalpa L. (Orthoptera:
Grylotalpidae), commonly known as European mole cricket, is a pest categorized among these
pests. The adult and nymph stages of this pest create galleries within the soil, causing damage
on various plant materials such as seeds, roots, and tubers. European mole cricket particularly
affects newly planted or germinating seedlings by cutting their roots, leading to drying of
leaves, and causes economic losses in tuberous vegetables. Various control methods, including
cultural practices and chemical treatments such as baits, have been implemented against this
pest. However, there is limited research on biological control methods. This review provides
insights into the potential use of entomopathogenic nematodes (EPNs), specifically
Heterorhabditis bacteriophora and Steinernema carpocapsae, as biocontrol agents against
Gryllotalpa gryllotalpa. Several studies by different researchers have demonstrated the
effectiveness of these nematode species in laboratory and field conditions, indicating their
potential as safe and efficient biological control strategies for managing mole crickets in
vegetable crops within integrated pest management programs. This review combines
information regarding the potential use of entomopathogenic nematodes in controlling the
European mole cricket pest.

Keywords: Gryllotalpa gryllotalpa, Entomopathogenic nematodes, Cydia pomonella,
Biological control, European mole cricket
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INTRODUCTION

In general, various damaging factors during the cultivation period cause quality and product
loss in agricultural products. Especially pests such as Cut worm, European Mole cricket, Potato
Beetle, Legume Seed Insects, Cotton Leafworm, Whitefly, Aphids, and Red Spider Mites,
Gallery Flies, Thrips can lead to significant product losses during the growing season (Erdogan,
2006). Pests like Whitefly, Aphids, Leafhoppers, and Red Spider Mites, by sucking plant sap,
weaken the plant, leading to its deterioration and drying (Erdogan, 2006). The major damage
caused by these pests is their role in carrying virus diseases, rapidly spreading these diseases
because of their feeding (Erdogan, 2006).

Many of these pests, which are polyphagous, preferentially target important vegetable species
such as tomatoes, potatoes, and peppers and other agricultural crops. Some of these pests,
which reproduce multiple times a year, find suitable environments in fields and especially
greenhiuses increasing their number of generations and, consequently, the extent of damage
(Erdogan, 2006).

The review outlines the status of entomopathogenic nematodes (EPNSs) in Turkey, commencing
with studies initiated in 1995, identifying five steinernematid and two heterorhabditid species
through survey studies, and encompassing investigations into EPN activity against various
insects, as well as ecological aspects such as host finding behaviour and reproductive potential,
emphasizing the need for evaluating EPNSs' biological control potential and regulatory
considerations in agricultural strategies (Susurluk, 2007).

To minimize the product losses caused by the mentioned pests, it is necessary to control these
damaging factors. Without proper control measures, yield loss can vary from year to year and
from region to region, reaching an average of up to 60-80% (Anonymous 1995). Successful
pest control requires a thorough understanding of the identification and habits of these pests.

THE EUROPEAN MOLE CRICKET, Gryllotalpa Gryllotalpa (Linnaeus 1758)
(ORTHOPTERA: GRYLLOTALPIDAE)

The large, 6-7 cm long adult mole crickets, with either light or dark brown colouring and
prominently extended heads, primarily inhabit moist, humus-rich, clay-sandy soils, where they
actively burrow at night, causing damage by feeding on plant material, including seeds, roots,
and tubers, particularly targeting newly planted or germinated vegetable seedlings by cutting
their roots, leading to drying, and consuming the tubers of root vegetables (Erdogan, 2006;
Anonymous, 2008).

Implementing proper and timely soil cultivation disrupts the subterranean habitats of the pest,
exposing and destroying eggs, nymphs, and adults by natural enemies; strategically using
untreated farm manure heaps in gardens, where the pest gathers due to its preference for
fertilized and warm soils at the end of summer, proves highly effective in reducing the
population; immediate control measures should be taken regardless of density due to the pest's
damaging nature; and their presence or absence in a location can be determined by examining
signs like damaged plants, excavated galleries, and surface markings less than 1 cm deep in
moist soils, with control efforts feasible from early spring to the end of October in various
regions of Tirkiye (Erdogan, 2006; Anonymous, 2008).
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BIOLOGICAL CONTROL OF THE EUROPEAN MOLE CRICKET, Gryllotalpa
gryllotalpa

Research at the University of Florida is investigating biological control methods for mole
crickets, particularly the three invasive species of Scapteriscus spp. introduced to the southern
United States from southern South America in 1900, with a focus on utilizing natural enemies
imported from South America and native predators, including fungal pathogens, nematodes,
wasps, flies, beetles, to mitigate the impact of Scapteriscus on turf and pasture grasses
(Hudgson et al., 2014).

15 fungal isolates obtained from G. gryllotalpa are identified, including Beauveria bassiana,
Clonostachys sp., Bionectria sp., Metarhizium anisopliae, Clonostachys rogersoniana,
Myriodontium sp., and Myriodontium keratinophilum, with Metarhizium anisopliae Gg-12
exhibiting the highest virulence, causing 87% mortality in mole crickets within 15 days post-
inoculation at a conidial concentration of 1 x 10"7 conidia ml—1, suggesting its potential for
further investigation as a biocontrol agent against mole crickets (S6nmez et al., 2016).

The entomopathogenic fungus Beauveria bassiana aims to: evaluate the efficacy of different
strains and application rates in a laboratory bioassay. The findings underscore the crucial role
of strain selection in using B. bassiana as an effective biological control against for some
turfgrass pests (Thompson,2003).

Investigating the bacterial microbiota of G. gryllotalpa nymphs, ten different aerobic bacterial
species were isolated, identified, and characterized morphologically, physiologically, and
biochemically, with metabolic enzyme profiles determined through API 20E and APl 50CH
panel tests, revealing bacterial species including Bacillus weihenstephanensis, Serratia
ureilytica, Bacillus simplex, Bacillus nanhaiensis, Bacillus sp., Bacillus gibsonii, Citrobacter
braakii, Paenibacillus sp., Enterobacter sp., and Providencia rettgeri, with Bacillus
weihenstephanensis and Bacillus nanhaiensis showing potential for microbial control against
G. gryllotalpa nymphs (Sezen et al., 2013).

The virulence of entomopathogenic nematodes (Steinernema scapterisci) and the fungus
Beauveria bassiana on Gryllotalpa africana, revealing an antagonistic effect when combined,
as opposed to individual treatments, leading to a significant reduction in total protein content
and o- and B-esterase activity, while causing an increase in lactate dehydrogenase (LDH)
activity compared to the control (Shoeb et al., 2016).

The European mole cricket (Gryllotalpa gryllotalpa) poses a global threat to various crops,
causing damage to both aboveground foliage and belowground roots, and research on the
efficacy of entomopathogenic nematodes (EPNs), specifically Heterorhabditis bacteriophora
and Steinernema carpocapsae, against adult European mole crickets in laboratory and field
conditions revealed high mortality rates, demonstrating the potential of EPNs as effective
biological control agents for integrated pest management programs targeting Gryllotalpa
gryllotalpa in vegetable crops (Nouh and Adly, 2021).

A novel nematode strain, identified as Oscheius myriophila, id isolated from the G. gryllotalpa
in the Black Sea Region of Turkiye, characterized by morphometric and molecular analyses,
with distinct differences from Rhabditis myriophila, marking the first recorded instance of O.
myriophila in G. gryllotalpa (Erbas et al., 2017).

RELATIONSHIP BETWEEN ENTOMOPATHOGENIC NEMATODES and Gryllotalpa
Gryllotalpa

The efficacy of entomopathogenic nematodes, specifically Steinernema carpocapsae (strain
All) and Heterorhabditis bacteriophora (strain HP88) against the G. gryllotalpa, demonstrating
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significant mortality rates of adult mole crickets in laboratory trials, with a synergistic effect
observed in field applications, suggesting the potential of using these entomopathogenic
nematodes as effective biological control agents for managing G. gryllotalpa in vegetable crops
within integrated pest management programs ( Nouh and Adly, 2021).

The susceptibility of the Common European mole cricket to entomopathogenic nematodes,
comparing a commercial strain (Nemastar) with a local Ukrainian isolate of Steinernema
carpocapsae, was investigated under controlled laboratory conditions, revealing that both
nematode strains were effective in parasitizing last instar nymphs and adults of G. gryllotalpa,
with the Ukrainian isolate exhibiting slightly higher mortality rates in adult mole crickets,
providing valuable insights for the potential development of a biological control program
(Stefanovska and Pisdlisnyuk, 2014).

The highlights the commercial production and global use of entomopathogenic nematodes,
particularly Heterorhabditidae and Steinernematidae, and as biological control agents against
soil insect pests, emphasizing their advantages such as broad host range, rapid host mortality,
ease of production, application versatility, safety, and environmental compatibility, while also
exploring their potential for pest management in Turkish soils were given by Hazir et al., 2004.

CONCLUSION

In conclusion, G. gryllotalpa, the European mole cricket, poses a significant threat to various
crops, causing damage to both aboveground foliage and belowground roots. While chemical
and cultural control methods have been implemented, there is limited research on biological
control, and this review emphasizes the potential of entomopathogenic nematodes (EPNS),
specifically Heterorhabditis bacteriophora and Steinernema carpocapsae, as effective and safe
biocontrol agents against G. gryllotalpa. Numerous studies demonstrate the high efficacy of
EPNs in laboratory and field conditions, suggesting their integration into comprehensive pest
management programs. Additionally, findings on fungal isolates and bacterial microbiota
provide further insights into alternative biological control strategies for managing this
agricultural pest, necessitating further research and consideration for sustainable pest
management practices
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Potential Use of Entomopathogenic Nematodes in the Control of Cydia pomonella L. (Lepidoptera:

Tortricidae)

Dogancan KAH YA?
Refik BOZBUGA?

Abstract

Pests, diseases, and weeds are significant threats to agricultural production, leading to
important yield losses. Apple, a vital agricultural product in our country, is adversely affected
by various pests, diseases, and weeds, impacting both yield and quality. The codling moth,
Cydia pomonella L. (Lepidoptera: Tortricidae), is among the pests affecting apple trees, with
its larvae opening galleries within fruits by burrowing directly into them. This damage, inflicted
on the fruit, diminishes both yield and quality, negatively impacting market value. Various
methods, including cultural, biotechnical, biological, and chemical approaches, are applied for
codling moth control. Phromone traps, registered in our country as part of biotechnical control,
are widely used by producers. Furthermore, studies have demonstrated the use of egg
parasitoids and entomopathogenic biocontrol agents in biological control against codling
moths. In Tirkiye, entomopathogenic agents containing Bacillus thuringiensis are employed
in controlling codling moths. Several studies have been conducted globally and in Turkiye,
evaluating different entomopathogenic nematode species against codling moths; for instance,
Steirnema jeffreyense is highly effective in field trials, while S. feltiae demonstrates increased
virulence in laboratory bioassays at lower temperatures. This review provides insights into the
opportunities and studies related to the global and national utilization of entomopathogenic
nematodes for biological control against the codling moth.

Keywords: The codling moth, Cydia pomonella, Biological control, Entomopathogenic

nematode
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INTRODUCTION

Apple is the second most produced fruit worldwide after bananas, with over 7,500 varieties
(Kaska, 1997; Rosa, 2016), and it is the most produced fruit type in Tiirkiye after grapes. The
high production volume of apples can be recognised to its high adaptability, the development
of varieties that align with consumer preferences, and the suitability of these varieties for
preservation, enabling year-round consumption (Ozbek, 1978; imrak et al., 2010).

According to FAO data for the year 2020, global apple production reached 86,644,716 tons
over an area of 4,622,366 hectares (FAO, 2022). China accounts for 46.74% of this production,
while the United States contributes 5.37% and Tiirkiye holds the third position in global apple
production with 4,300,486 tons (FAO, 2022).

There are many factors in apple cultivation, such as numerous pests, diseases, and weed species
causing economic losses have been identified (Anonymous, 1999; 2011). Among these pest
species, apple codling moth, red spider mites, aphids, scale insects, apple bud moth, apple
leafroller, gallery moths, and trunk borers are main pests (Anonymous, 2011). These pests,
through their feeding damage, can lead to the formation of poor-quality fruit, a decrease in
market value, even the drying of the tree. In both Tiirkiye and other European countries, it has
been reported that around 20 sprayings within chemical control are carried out, especially in
years with abundant rainfall (Boyraz et al., 2005; Kunz et al., 2008).

The result of these sprayings is a negative impact on both the natural balance and human and
environment. Furthermore, intensive use of pesticides brings about the issue of resistance
among pests (Karaca and Kiigiikball1, 2018). Additionally, the residue levels left by the used
pesticides pose serious problems during marketing. For these reasons, alternative pest control
methods have become inevitable for effective pest management and the cultivation of healthy
crops (Karaca and Kiigiikball1, 2018).

The Codling Moth (Cydia pomonella (L.) (Lep.: Tortricidae)) is significant importance as the
primary pest in apple cultivation (Anonymous, 2008). This pest causes important damages on
apple cultivation in Tiirkiye. The Codling Moth typically produces two generations, and in
some locations and it can reach three generations in some regions. It is known to be not only
to apples but also to pears, quinces, and walnuts, and to a lesser extent, it can be found in plums,
apricots, and peaches (Anonymous, 2008).

Several studies have been conducted by several researchers about entomopathogenic
nematodes to control codling moth.

Five entomopathogenic nematode species for codling moth control, revealing S. jeffreyense as
the most effective in field trials (67%), S. feltiae as the most virulent in laboratory bioassays
(67%), and cold-treated S. feltiae or S. yirgalemense achieving 100% mortality in codling moth
larvae, contrasting with H. bacteriophora strains yielding 68% and 54% control; additionally,
S. feltiae displayed higher penetration rates at 14°C, while S. yirgalemense excelled at 25°C,
underscoring S. jeffreyense’s biocontrol potential and S. feltiae's cold-active nature (Odendaal
et al., 2015).

Steinernema carpocapsae and Steinernema feltiae, demonstrated high efficacy in controlling
diapausing cocooned codling moth larvae infesting fruit bins, with mortality rates ranging from
45% to 95% achieve through experimental treatments involving laboratory-produced and
commercially available nematodes, especially when adjuvants like Silwet L77 and Stockosorb
are employed to enhance penetration and mitigate desiccation, suggesting their potential as a
nonchemical control method applicable during bin submersion in dump tanks for fruit flotation
in packing houses (Lacey et al., 2005).
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This review provides information on studies related to the relationship between the codling
moth (Cydia pomonella) and entomopathogenic nematodes.

BIOLOGICAL CONTROL OF THE CODLING MOTH Cydia pomonella

There are many studies conducted about biological control of C. pomonella with parasitoid,
predatory insects and entomopathogens. The efficacy of releasing Trichogramma evanescens
with or without Bacillus thuringiensis var. kurstaki in controlling the Codling Moth that T.
evanescens alone, applying B. thuringiensis var. kurstaki alone, applying both agents, and a
control without any application (Oztemiz et al., 2017). The combined treatment of T.
evanescens and B. thuringiensis var. kurstaki significantly reduced pest populations and fruit
infestation, demonstrating promising results in the biological control of this pest (Oztemiz et
al., 2017).

The Codling Moth poses a global threat to apple and pear crops, traditionally managed with
broad-spectrum insecticides. Growing concerns about the safety and sustainability of synthetic
pesticides have led to the integration of softer control methods, including biological agents,
within the framework of integrated pest management (IPM). Lacey and Unruh (2005) reviewed
highlights the potential of the codling moth granulovirus (CpGV), entomopathogenic
nematodes (EPNS), and parasitoids such as Mastrus ridibundus and Ascogaster quadradentata
in providing effective and environmentally friendly biological control, emphasizing the
importance of minimizing broad-spectrum pesticide use and considering ecological factors in
orchard management for successful IPM.

The distribution and diversity Metarhizium and Beauveria species in walnut fields in Kirsehir,
Tiirkiye, and assessed their pathogenicity against the Codling Moth (Cydia pomonella) (Giirlek
et al., 2018). Through the analysis of 90 soil samples, the researchers identified common
presence of Metarhizium robertsii, M. brunneum, Beauveria pseudobassiana, B. bassiana.
Among these, M. brunneum ELA-38 demonstrated high pathogenicity, causing 83% mortality
in C. pomonella larvae within two weeks, suggesting the potential use of these
entomopathogenic fungi in future biological control programs for the pest (Giirlek et al., 2018).
In addition, another study aimed to identify effective and safe bacterial flora for biological
control against the Codling Moth. After morphological, physiological, and biochemical tests,
various bacteria were identified, including Bacillus laterosporus exhibiting the highest
insecticidal effect at 65% within eight days (Ertiirk and Demirbag, 2006). Other bacterial
isolates showed varying degrees of insecticidal effects, highlighting the potential of Bacillus
laterosporus and other identified bacteria as candidates for biological control strategies against
Cydia pomonella (Ertiirk and Demirbag, 2006)

ENTOMOPATHOGENIC NEMOTODES AND CODLING MOTH

The efficacy of 4 entomopathogenic nematode (EPN) species (Heterorhabditis bacteriophora
11KG, Heterorhabditis bacteriophora, Steinernema carpocapsae, S. feltiae, TOK20) against
the last instar of the apple pest Cydia pomonella, revealing H. bacteriophora 11KG as the most
effective isolate, inducing 77.8% larval mortality at the uppermost concentration (1000 IJs/ml-
1) subsequently 120 hours, highlighting the potential of these nematodes for C. pomonella
control (Erdogus et al., 2022).

Field surveys in apple orchards, isolating and identifying entomopathogenic nematodes (EPNSs)
and their endosymbionts (Photorhabdus and Xenorhabdus spp.), with Steinernema feltiae and
Heterorhabditis bacteriophora are identified; screening their pathogenicity on Galleria
mellonella larvae, the two most pathogenic isolates from each EPN species achieved 100%
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mortality on fifth instar larvae of Cydia pomonella at a concentration of 100 lJs/larva,
suggesting the potential for biological control of codling moth by EPNs and their symbiotic
bacteria (Glimiissoy et al., 2022).

The efficacy of the commercial product Steinernema feltiae (NEMAPOM, e-nema GmbH,
Germany) in controlling diapausing Cydia pomonella larvae in Argentine commercial organic
orchards, demonstrating over 85% mortality in codling moth larvae at two test sites, with
laboratory assays at 4 °C confirming infectivity, while persistence in the field was limited, and
local EPN strains, particularly Heterorhabditis bacteriophora, were detected post-application,
suggesting S. feltiae's effectiveness in controlling codling moth under specific environmental
conditions (Eliceche et al., 2023).

The biocontrol potential of South African isolates of Heterorhabditis zealandica, Steinernema
citrae, S. khoisanae, S. yirgalemense, and Steinernema sp. are assessed against codling moth,
with all isolates demonstrating susceptibility (78-100% mortality) at a concentration of 50
infective juveniles/insect, although low temperatures negatively impacted larvicidal activity,
and field-testing revealed the effectiveness of three isolates (S. khoisanae, Steinernema sp. and
H. zealandica), and while insect containment methods influenced larvicidal activity, indicating
overall varied but promising biological control potential (de Waal et al., 2011).

CONCLUSION

In conclusion, the global and national use of entomopathogenic nematodes presents a
promising opportunity for the biological control of the codling moth (Cydia pomonella) in
apple cultivation. The diversity of entomopathogenic nematode species, such as Steinernema
jeffreyense, S. feltiae, and Heterorhabditis bacteriophora, showcases their efficacy in
laboratory and field trials. Integrated approaches involving entomopathogenic nematodes,
parasitoids, and Bacillus thuringiensis contribute to sustainable pest management, offering
alternatives to chemical control methods. However, further field studies are necessary to assess
the practical application and environmental impact of these biological control strategies. This
review highlights the potential of entomopathogenic nematodes as valuable components of
integrated pest management programs for sustainable apple production to control the codling
moth.
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Biyomedikal Cihazlarda 5G Frekans Bandi Girisimini Bastirmak icin Frekans Secici Yiizey ile

Filtre Tasarmm

Mehmet Enis KARTAI}
Bilal TUTUNCU?

Ozet

Frekans Secici Yiizeyler (FSY) belirli frekanslar1 ge¢irmek ve diger frekanslar bastirmak igin
kullanilan mikro serit yama yapiya sahip bir ¢esit pasif filtrelerdir. Genellikle bant gegiren veya
bant durduran tepkilere sahip olmalarindan dolayi, yaygin olarak uzaysal filtreler, anten
reflektorleri, radomlar, mikrodalga sogurucular, yapay manyetik iletkenler ve elektromanyetik
bant-bosluk malzemeleri olarak kullanilirlar. Elektromanyetik dalgalari manipiile etmedeki
performansi nedeniyle, frekans se¢iminde, bitisik bant girisimi bastirmada ve elektromanyetik
girisim onlemede 6nemli bir rol oynar. Bu nedenle bunlarin tasarimindaki hedef belirlenen ve
istenmeyen bant araligini bastirirken istenen frekans degerlerinin iletimini saglamaktir. Bu
calismada tibbi cihazlarin, 5G uygulamalarinda kullanilan frekans bantlarindan etkilenmemesi
amaciyla biyomedikal uygulamalarda kullanilmak tizere 3.56 GHz merkez ¢alisma frekansina
sahip bir bant durduran filtre 6zellikli frekans secici yiizeyin birim hiicresi tasarlanmis ve bu
tasarimin sa¢ilma parametreleri lizerinde yapilan simiilasyon sonuglar1 sunulmustur. Tasarim
ve simiilasyon c¢alismalar igin literatiirde kullanilan birka¢ farkli programlar icinden CST
STUDIO’yu tercih ettik. CST STUDIO, Sonlu Entegrasyon Teknigi (FIT)'ne dayanmaktadir
ve simiilasyon kolaylig1 nedeniyle anten ve mikro serit filtre tasarim ¢alismalarinda sikca
kullanilmaktadir. Tasarimda kullanilacak alttas i¢in dielektrik malzeme ve kalinlik se¢imi,
detayli bir sekilde incelenmistir. Arastirma bulgularina gore, optimum performans, &=3
dielektrik katsayisina sahip olan 0.5 mm kalinligindaki Rogers RO3003 malzemesinin
kullanilmasiyla elde edilmistir. Bu kosullarda, geri doniis kayb1 S11, 3.5 GHz frekansinda -
19.15 dB degerindedir.

Anahtar Kelimeler: Frekans Segici Yiizey, Bant Durduran Filtre, 5G, Mikrodalga,
Biyomedikal

1 Ogrenci, Van Yiiziinci Yil Universitesi, Elektrik-Elektronik Mithendisligi, e-mail: kartalenis01@gmail.com
2 Dog. Dr. Van Yiiziinct Y1l Universitesi, Elektrik-Elektronik Mithendisligi, e-mail: bilaltutuncu@yyu.edutr, Orcid: 0000-
0002-7439-268X
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1. GIRIS

Frekans Se¢ici Yiizey (FSY), belirli bir frekans araliginda sinyallerin iletilmesini saglayan,
istenen frekansta rezonans saglayan periyodik olarak diizenlenmis yama veya agiklik dizisidir
(Tesneli vd., 2019). FSY'ler, algak geciren, yiiksek gegiren, bant geciren veya bant durduran
ozellikleri olan elektromanyetik filtrelerdir ve tasarimlari genellikle frekans bazlh
yapilmaktadir (Hotami, 2018). Epoksi malzemeler gibi kompozit yapilar, FSY'lerin
tasariminda yaygin olarak kullanilir (Duman,2019). Son donemlerde kablosuz iletisim (Kasar
vd.,2018 ), mikrodalga (Belen ve Mahouti, 2019) ve radar sistemleri gibi alanlarda FSY'lerin
kullanim1 oldukga artmistir (Kocakaya vd., 2019). CST STUDIO Suite simiilasyon programi,
sonlu elemanlar yontemi (FEM), sonlu entegrasyon teknigi (FIT) ve iletim hatti matris yontemi
(TLM) gibi c¢oklu elektromanyetik simiilasyon coziiciilerine erisim saglar. Bu c¢oziiciiler,
yiksek frekansli simiilasyon gorevleri i¢in en giiclii genel amagli ¢oziiciilerdir. Bu ¢alisma,
CST STUDIO Suite simiilasyon programi kullanarak biyomedikal uygulamalar igin 3.4-3.8
GHz frekans bandinda bant durduran bir filtre tasarimini, diizlemsel, basit ve kompakt bir
yapida gerceklestirmeyi hedeflemektedir. CST simiilasyon programi kullanilarak oncelikle
alttas dielektrik malzemesi boyutlar1 ve sekil analizleri yapilmis, ardindan yama sekli ve
boyutlar: iizerinde ¢alismalar gergeklestirilmis ve elde edilen S11 geri doniis kayb1 degerleri
ile sogurucu performansi ortaya konmustur. Tasarlanan yapi, bosluklu yapisiyla daha hassas
olmasi ve yiiksek sogurma 06zelligi sunmasi amaciyla 6zenle ve dikkatle planlanmistir. Bu
nedenle bir dizi tasarim caligmasi yapilmistir. Sonug¢ olarak 3.5 GHz merkez calisma
frekansinda geri doniis kayb1 -19.15 dB degerinde €=3 dielektrik katsayisina sahip olan 0.5 mm
kalinligindaki Rogers RO3003 dielektrik malzemesi ile FSY birim hiicre yapisinda bir filtre
elde edilmistir.

2. ARASTIRMA VE BULGULAR
2.1. Birim Hiicre Tasarimi

Tasarim ve simiilasyon calismalart kapsaminda CST STUDIO programi kullanilarak
gergeklestirilen analizler, belirli alttas, yama ve port yapilarinin geometrik sekil ve elektriksel
ozelliklerinin arastirilmasi iizerine odaklanmistir. Bu ¢alismada 6zellikle, alttas malzeme ve
alttas kalinlik parametrelerinin elektromanyetik sogurmaya etkisi incelenmistir. Bosluklu yama
yapimin hassasiyeti ve yiiksek sogurma performans beklentisi, tasarim siirecinin dikkatle ve
titizlikle  yiriitilmesini ~ gerektirmektedir. Bu amagcla, ¢esitli tasarim ¢alismalari
gerceklestirilmistir ve tasarlanan yapinin sagilma parametreleri 6l¢iilmiis ve bu amacla 2 adet
uzak alan dalga kilavuzu portu kullanilmistir. Dielektrik malzeme olarak sirayla FR-4 (¢=4.3),
Mica (¢=6), Rogers RO3003(e=3), Taconic TLY-5 (¢=2.2) kullanilmis ve alttas i¢in en uygun
dielektrik malzemesi se¢imi CST STUDIO programi iizerinden yapilan S11 parametre
analizleriyle belirlenmistir. Portlarin sogurucu yapidan uzakligi, Esitlik-1 ile belirlenmis ve her
iki port da bu uzak alan sinirlarina konumlandirilmistir. Bu esitlikte 'D' anten boyutunu, 'A' ise
ilgili dalga boyunu ifade etmektedir. Simiilasyon diizeni, Sekil 1'de gosterilmistir. Sogurucu
yapinin parametrik ¢alismalari neticesinde elde edilen son halinin boyut parametreleri ise Sekil
2'de gosterilmis olup ilgili degerler Tablo 1'de sunulmustur.
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(Uzak Alan) F=2D?%/4  (Esitlik-1)

ws

Sekil 2. Tasarlanan Sogurucunun Boyut Parametreleri

Tablo 1. Parametre Boyut Degerleri

Parametre | Boyut | Parametre | Boyut
(mm) (mm)
h 1 a 15
WS 30 b 2.5
Is 30 al 2.5
w 20 gl 2.5
| 20 g2 5

2.2. Alttas Malzeme se¢imi

Bilindigi iizere, mikroserit FSY sogurucu malzemelerde kullanilan alttagin dielektrik katsayzsi,
yapidaki sacilma parametrelerini etkilemektedir. Bu durum, s6z konusu yapinin sogurma
performans:t iizerinde onemli bir etkiye sahiptir. Bundan dolay1r bu g¢aligmamizda alttas
malzemenin el ektriksel ozelliklerinin sogurmaya etkisini gozlemlemek igin dort farklh
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dielektrik alttas malzemesi kullandik. Tasarlanan yapinin alttag malzeme se¢imi CST STUDIO
programinda “material library” sekmesi yardimiyla dielektrik katsayilari (€) birbirinden en
az 1 birim farkli olacak sekilde segildi. Bunlar sirasiyla FR-4 (¢=4.3), Mica (¢=6), Rogers
RO3003(e=3), Taconic TLY-5 (¢=2.2). Bu ¢alismalar sonucunda optimum alttasa karar
verirken hem sogurma performansi ve hem de maliyet ve bulunurluk durumuna gore nihai
secimi yaptik. Dort farkli dielektrik malzemenin her biri ayr1 ayri olarak bir dnceki boliimde
belirli boyut ve konfiglirasyonda tasarlanan yamaya CST STUDIO simiilasyon programi
araciligiyla uygulanmasiyla elde edilen S11 grafikleri sekil 3 de goriilmektedir. Her birinin geri
doniis kayb1 3.56 GHz frekansinda arzu edilen sinir degeri olan -10 dB'nin altinda oldugu
gozlenebilir. Sekil 3 a, b, ¢ ve d den goriilecegi lizere optimum performans, =3 dielektrik
katsayisina sahip olan Rogers RO3003 malzemesinin kullanilmasiyla elde edilmistir. Bu
kosullarda, geri doniis kaybi, 3.5 GHz frekansinda -19.15 dB degerindedir.
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Sekil 3. Farkl alttas kullanilarak elde edilen S11 grafikleri
FR4 (£=4.3) b) Mica (£=6.0) c) Rogers RO3003 (£=3.0) d) Taconic TLY-5 (£=2.2)
2.3. Alttas Kalinhk secimi

Alttag kalinliginin sogurmaya etkisini belirlemek i¢cin CST STUDIO simiilasyon programi
yardimiyla FR-4 ile 6l¢timlerimize devam edip alttas i¢in 5 farli kalinlik degeri girilerek ayri
ayr1 simiilasyonlar yapildi. Alttas kalinligi ilk olarak 1 mm alinmisti. Bir 6nceki boliimde alinan
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1 mm kalinlik degeri dahil olmak {izere sirasiyla 0.5 mm, 0.7 mm, 1.2 mm ve 1.5 mm olmak
tizere bes farkli deger alinarak ayr1 ayri simiilasyonlar yapildi. Elde edilen sonug grafigi Sekil
4’de verildi. Grafiklerden goriilecegi gibi alttag kalinlig1 diistitkge S11 yani geri doniis kayb1
azalmakta ve dolayisiyla sogurma degeri artmaktadir.

S-Parameters [Magnitude in dB]

S & (3.4994,-17.177)

g9l 1 = [P
3 3.2 3.4 3.6 3.8 4 4.2 44 4.6 4.8 5
Freq./ GHz
Sekil 4. Alttas kalinligina bagli olarak S11 degisim grafigi
3. SONUC

Bu galisma ile, 5G uygulamalari i¢in belirlenen 3.5 GHz merkez frekansinda kullanilacak
Frekans Secici Yiizey birim hiicre tasarim parametreleri iizerine odaklanarak simiilasyon
tabanli bir arastirma sunulmustur. Bu parametreler birim hiicrenin sekli, dielektrik alttas
malzemenin tiirii ve dielektrik alttasin kalinligidir. FR4, Mica, Rogers RO3003 ve Taconic
TLY-5 dielektrik malzemeleri lizerinde gergeklestirilen calismalar sonucunda, 3.5 GHz merkez
frekansinda elde edilen S11 geri doniis kaybi, her biri igin belirlenen sinir degeri olan -10
dB'nin altinda elde edilmistir. Minimum geri doniis kaybr ise -19.15 dB olarak Rogers RO3003
ile elde edilmistir. Ayrica, alttas kalinlig1 (h) degisiminin sogurmaya etkisi incelenmis, h
kalinliginin artmasinin sogurmaya olumsuz etki yaptig1 sonucuna varilmistir.
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Robot Yonetimi ve izlenmesine Yéonelik Web Uygulama

Esra TURKAN:
Sirma YAVUZ?

Abstract

With the development of technology, the usage areas of robots are increasing. Robots are used
in many areas such as education, industry, defense and health. The increase in usage areas and
the need for systems containing multiple robot have paved the way for new solutions in the
management of robots. Needs such as remote management of robots and monitoring of robot
systems from a single point are very important for operations involving more than one robot.
For this reason, different solutions such as web application and mobile application have been
put forward. In this study, it is aimed to manage and monitor robots with ROS operating system
through a web application. The application developed in the study consists of a web user
interface, REST API and database layer. The web user interface was developed using Reactjs
and the REST API was developed using the Java programming language. The application
developed in the study supports multiple robots and does not require ROS installation.
Postgresql database was used to store data such as robot information, map information and task
contents. Communication between the application and robots is done via Rosbridge using the
WebSocket protocol. Operations such as creating a task, sending a target location, sending a
message, configuration settings and map updating can be done through the application. The
application provides operational needs such as tracking the location of the robots on the map,
charging percentage and monitoring some parameters. In addition, the created tasks are
controlled by the developed service and the system is constantly updated. Thus, robot task
statuses can be monitored via the application. The application was tested with Turtlebot3 robots
in a simulation environment. It has been observed in the tests that the operations can be carried
out successfully.

Keywords: ROS, robot controlling, robot monitoring, web application, task management
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GIRIS

Son yillarda robotlarin gelismesi ve bir¢ok sektdrde kullanilmaya baglanmasi ile robot yonetimi
ve sistemlerinin izlenmesi gibi ihtiyaglar dogmustur. Robotlar egitim, sanayi, savunma, saglik
ve hizmet sektdrii gibi bircok alanda kullamlmaktadir. Ozellikle birden fazla robot igeren
sistemlerde yonetim yazilimlart kritik bir noktadir. Fabrikalar, havalimanlari, hastaneler,
aligveris merkezleri gibi birden fazla robot kullanilabilen ortamlarda robot yonetim arayiizii
ihtiyact bulunmaktadir. Yonetim arayiiziiniin internet iizerinden erisilebilmesi, kuruluma
ihtiya¢ duyulmadan birden fazla kullanici tarafindan kullanilabilmesi gibi etmenler 6nemlidir.
Literatiirde bu ihtiyaglara yonelik yapilmis ¢alismalar mevcuttur. Evde kullanilmasi hedeflenen
bir servis robotunu kontrol etmek i¢in web arayiiz gelistirilen ¢alismada (Chikurtev, 2019:186-
191) sunulan sistem ii¢ parcadan olusmaktadir: ROS siiregleri, bir web sunucusu, web kullanici
arayilizii. Web arayiizle robot arasindaki veri iletisimi Rosbridge kullanilarak WebSocket
lizerinden yapilmistir. Web arayiizii Python Django kullanilarak gelistirilmistir. Caligma
sonunda ag lizerinden hangi trafigin gectigi, arayiiz kullanilirken gecikme ve kesinti olup
olmadigi, arayliz ve ROS diiglimleri arasindaki iletisimin basarili olup olmadigi
gozlemlenmistir.

HiBot ad1 verilen uzaktan robot kontrol ve izleme yaziliminin gelistirildigi ¢alismada (Yan vd.,
2017: 221-226) gelistirilen ¢ergeve birden fazla robotu desteklemektedir. Gorev tanimlama,
robotlara gorev yiikleme, uzaktan kumanda ve izleme gibi islemler yapilmaktadir. iletisim
protokolii olarak server ve client arasinda MQTT protokolii kullanilmistir. Web sunucusu,
Jersey c¢ergevesini kullanmaktadir.

Drone ile yapilan bir diger ¢calismada (Koubaa, 2019: 46-62) Drone Map Planner isimli bulut
tabanli bir yonetim sistemi Onerilmistir. Drone Map Planner drone ile internet {izerinden
kesintisiz iletisime izin vererek, mesafe kisitlamasi olmaksizin kontrol saglar. Iki farkl1 iletigim
protokolil kullanilmistir; insansiz hava araglari tarafindan desteklenen MAVLink protokolii ve
ROSLink protokolii. Calisma sonunda drone ile deney yapilarak performans degerlendirmesi
yapilmistir.

Bu ¢alismada ROS kurulumuna ihtiya¢ duyulmadan web uygulamasi iizerinden ROS robotlarin
izlenmesi ve yonetimi amaglanmistir.

YONTEM

Uygulama kullanic1 web arayiizii, REST API ve veri tabanindan olugsmaktadir. Kullanici
arayiizli Reactjs, REST API Java programlama diliyle gelistirilmistir. Veri tabani katmaninda
Postgresql veri tabani kullanilmistir. Robotlar ile Rosbridge kullanilarak WebSocket baglanti
ile haberlesirler. Ayn1 zamanda bazi islemler i¢in robotlarla SSH (Secure Shell) baglanti
kurulur.

Rosbridge ve WebSocket

Rosbridge (Ros.org rosbridge), ROS ve ROS olmayan sistemler arasinda iletisim kurmak igin
bir arabirim saglar. Rosbridge iletisim kurarken JSON (JavaScprit Object Notation) formatini
kullanir. Programlama dili ve aktarimdan bagimsiz olarak JSON veri gonderebilen herhangi
bir dil veya aktarim Rosbridge iizerinden ROS sistemlerle etkilesim kurabilmektedir. Bu
nedenle ROS olmayan sistemler ve robotlar arasindaki iletisim icin Rosbridge oldukga
kullanighdir. Rosbridge ilizerinden ROS konularina abone olunabilir ya da ROS konulari
yayinlanabilir. Bunlara ek olarak Rosbridge lizerinden servis c¢agirilabilir ve parametre
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atamalar1 yapilabilir. Bu ¢alismada uygulama ve robotlar arasindaki iletisim WebSocket
protokolii kullanilarak Rosbridge iizerinden yapilmaktadir.

Veri Tabam

Calismada Postgresql veri tabani kullanilmigtir. Postgreqsl karmasik veri is yiiklerini giivenli
bir sekilde depolayip dlgeklendiren agik kaynak kodlu iliskisel bir veri tabani sistemidir. SQL
dilini  kullanir.  Postgresql’in  baglangict 1986 yilinda Berkeley’deki California
Universitesi’ndeki POSTGRES projesi ¢alismalarina dayanmaktadir. 2001 yilindan itibaren
ACID uyumludur. (Postgresql.org)

Robot Isletim Sistemi (ROS)

ROS (Ros.org) robotik uygulamalar1 gelistirmeye yarayan yazilim kitaplig1 ve araglardan
olusan acik kaynak bir meta isletim sistemidir. Bu caligmada ROS Melodic siiriimii
kullanilmastir.

Turtlebot

Turtlebot (Turtlebot.com) ROS tabanli maliyeti diisiik, egitim, arastirma ve tiriin prototipleme
icin kullanilabilen programlanabilir bir robottur. Caligmanin simiilasyon ortaminda Turtlebot3
robotunun Waffle modeli kullanilmustir.

Rviz ve Gazebo

Robot simiilasyonunda oldukc¢a tercih edilen simiilasyon aract Gazebo 2002 yilinda
gelistirilmeye baslanmistir. (Gazebosim) Ug boyutlu robot modelleri, ¢evre elemanlar1 ve
sensorler saglayan Gazebo grafiksel arayiiziiyle kullanim kolaylig1 saglamaktadir. Calismada
ii¢ boyutlu gorsellestirme araci olarak Rviz kullanilmistir. Simiilasyon diinyasi olarak Turtlebot
World adindaki ortam kullanilmistir. (Turtlebot3 Github)

Lokalizasyon

Calismada Adaptive Monte Carlo Localization kullanilmistir. Bu lokalizasyon yonteminde
parcacik filtresi kullanilarak iki boyutlu ortamda robotun ger¢ek zamanli konumu ve yonelimi
tahmin edilir. Olasiliksal bir yontemdir. (Ros.org amcl)

Move Base

Move base (Ros.org move_base) paketi robota bir hedef verildiginde hedefe ulagmak igin
gereken eylemin uygulanmasini saglayan bir navigasyon cercevesidir. Bu ¢aligmada robotlara
hedef gonderilmesi ve isletilmesi icin move base gercevesi kullanilmistir.

Yetkinlikler

Calismada gelistirilen uygulama asagidaki yetkinliklere sahiptir:
e Gergek zamanli harita ve robot konumunun izlenmesi
Robota mesaj gonderilmesi
Robot haritalarinin diizenlenmesi
Yapilandirma dosyalarinin arayiizden giincellenmesi
Launch dosyalarinin arayiizden giincellenmesi
Launch dosyalarinin arayiizden ¢alistirilip durdurulabilmesi
Hedef nokta ve gorev olusturularak robota gonderilmesi. Gorevlerin ve
hedeflerin arayilizden yonetilmesi, izlenmesi
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Robota Mesaj Gonderilmesi

Robotlara bazi ihtiyaglar i¢in mesaj gonderilmesi gerekebilmektedir. Bu nedenle ROS konulari
kullanilmaktadir. Calismada gelistirilen uygulama tizerinden robotlara konu (topic) mesajlari
gonderilebilmektedir. Bu mesajlar gonderilirken Rosbridge ile WebSocket baglantisi kurulur.
ROS konular (topic), ROS diiglimlerinin mesaj aligverisi yaptig1 veri yollaridir. Konular tek
yonlii ve akish iletisim igin tasarlanmistir. Calismada gelistirilen uygulamada robot se¢imi
yapilarak konu (topic) mesaji1 yayilanabilmektedir. Bu mesajlar standart ROS mesajlar
olabilecegi gibi 6zel tanimlanmis mesajlar da olabilmektedir.

Yapilandirma Dosyalar1 ve Parametreler

Robot yapilandirma dosyalart robotun ¢alismasi i¢in belli ayarlari ve parametreleri igeren
dosyalardir. XML ve YAML formatinda yapilandirma dosyalar1 mevcuttur. Robot
yapilandirma dosyalari ve parametreler arayiiz tizerinden diizenlenebilmektedir.

Ger¢ek Zamanh Konum ve Harita izlenmesi

Gergek zamanli robot konumunun ve haritanin takip edilebilmesi robot yonetiminde 6nemli bir
ihtiyactir. Bu ¢alismada robot konumu “odom” konu (topic) verisi, robot haritast “map” konu
(topic) verisi kullanilarak robottan alinmaktadir. Alinan harita NAV2D.js ve ROS2D.js
kiitiiphaneleri kullanilarak web arayilizde gorsellestirilmektedir. Gelistirilen uygulamaya ait
ekran goriintiisii Sekil 1’de robottan alinan harita verisi ve harita iizerinde robotun konumu
gosterilmistir. Robot konumu degistikce robottan gelen giincel bilgiye gore uygulama iizerinde
de konum giincellenmektedir. Ayrica robot haritalar arayilizden diizenlenebilmektedir.

Tuntiebot Rbot connected

Sekil 1. Robot Konumu ve Harita

Launch Dosyalar

Launch (baslatma) dosyalar1 ROS diigiimleri baslatmak i¢in kullanilan XML formattaki
dosyalardir. Roslaunch komutu ile baglatilir. Yapilan ¢aligmada launch dosyalar1 arayiiz
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iizerinden yonetilebilmektedir. Launch dosyalarinin ¢alistirilmast ve durdurulmasi i¢in robot
ve web servis arasinda SSH (Secure Shell) baglanti saglanmasi gerekmektedir.

Gorev Yonetimi

Arayiizden hedef nokta ve robot segilerek gorevler tanimlanabilmektedir. Bu gorevler bir
adimdan olusabilecegi gibi birden fazla adimdan da olusabilmektedir. Gorevler arayiizden
baslatildiginda arka planda sistem tarafindan kontrol edilerek gorev durumu arayiizde
gosterilmektedir. Adimlar arasindaki gecis web servis tarafindan izlenerek saglanmaktadir.
Kullanicinin bir sonraki adima gegmesi i¢in bir islem yapmasina gerek yoktur.

Sekil 2. Uygulama Ekran Goriintiisii
SONUCLAR

Bu ¢alismada robot gruplarin tek bir arayiiz iizerinden yonetilebilmesi ve operasyonel bazi
ihtiyaclarin karsilanmasit amacglanmistir. Sonuglar simiilasyon ortaminda incelenmistir.
Calismada tii¢ adet Turtlebot3 ile testler yapilmistir. Simiilasyon ortaminda yapilan testlerde
uygulamanin islemleri basariyla yapabildigi gozlemlenmistir. Yapilan testlerde robot konum
takibi, harita takibi, harita diizenleme, launch dosyalarinin yonetimi, yapilandirma dosyalarinin
yOnetimi, robota mesaj gonderilmesi ve gorev yonetimi basartyla gerceklestirilmistir. Yapilan
calismada, ROS kurulumu gerekmeden tek bir noktadan birden fazla robot yonetiminin
yapilabilmesi kullanim kolaylig1 saglamaktadir.
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Akrillenmis Seliiloz Asetat Biitireattan Akrilik Esash Antimikrobiyal Nanofiber Membranlarin

Gelistirilmesi

Fadime CAKMAK KAYA*
FHatice BIRTANE?
Memet Vezir KAHRAMAN?®

Ozet

En son yasanan Covid-19 pandemisi ile onemi daha da artan antimikrobiyal nanofiber
membranlar konusunda yapilan akademik ¢alismalar artmistir. Bu ¢alismada; UV lamba ile
elektrogekim iiretim yontemi kullanilarak akrillenmis seliiloz asetat biitirattan antimikrobiyal
nanolif membranlar elde edilmesi hedeflenmistir. Elde edilen membranlarin 6zellikleri SEM -
Taramali Elektron Mikroskobu, FTIR, H-NMR gibi cesitli yontemler ile test edilip
incelenecektir.

Bu c¢alismanin amaci, akrillestirilmis seliilloz asetat biitirattan UV lamba ile elektro¢ekim
iiretim yontemi ile antimikrobiyal 6zellikte nanolif membran gelistirilmesidir. Akrillenmis
seliiloz asetat biitirat nanolif membran, UV lamba ile elektrogekim yontemi ile iiretilmis olup,
antimikrobiyal 6zelligi; ¢coziinmiis 1-Bromodekan ile 2-Dimetilmetakrilat iyonik ¢ozeltisinden
elde edilen akrillenmis kuarterner amonyum tuzu ile saglanmastir.

Anahtar Kelimeler: Selilloz Asetat Biitirat, Elektrospinning, UV Lamba, Antimikrobiyal,
Nanofiber
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GIRIS

Son zamanlarda nanolifler, elektrospinning yontemi ve bu yontemle membran iiretimi oldukga
popiiler hale gelmis ve bu konuda birgok ¢alisma yapilmis ve bu calismalarin sonuglari bilimsel
makaleler seklinde yaymlanmistir. Ozellikle Covid-19 pandemisi ile birlikte 5nemi daha da
artan antimikrobiyal nanolif membranlara olan ilgi de oldukg¢a artmistir.

Biyopolimerler; kabuklu canlilar, mantarlar ve odun gibi dogal malzemelerin dogrudan
kendilerinden, canli yapilarin metabolizmalarinin ara ya da ana iirlinlerinin yapay olarak
polimerizasyonundan veya canli organizmalarin direkt polimerize olarak istihsali neticesinde
erigilebilen ¢ok 6nemli bir polimer sinifidir. (Caydamli, 2012:2-5; Schiffman ve Schauer,
2008:317-352)

Biyopolimerler arasinda en ¢ok bulunan ve eldesi kolay olan polisakkarit; seliilozdur.
Seliilozun esterifikasyon reaksiyonu ilk olarak 1865°te Paul Schiitzenberger tarafindan
gerceklestirilmistir. Bu islem sonucunda olusan seliiloz triasetatin kismi hidrolizi ise 1905°te
Miles tarafindan alinan patent ile diinyaya duyurulmustur. Ayni y1l, Camille ve Henry Dreyfus
kardesler ise bu sistemi ticari hale getirmislerdir. (Cook, 1993; Woodings ve Hearle, 2001;
Lewin, 2007°den aktaran: Caydamli, 2012:10)

Seliilozun islenmis sekle getirilmesi, bir¢cok farkli kimyasal karisimin tepkimesi sonucu ester
ve eterlerinin olusumu ile ger¢eklesmektedir. Diger bir deyisle, ham haldeki seliilozun
degisimi, kullanilacagi yere gore gerekli 6zelliklere sahip bir halde, farkl: birgok fonksiyonel
grubun eklenmesi ile miimkiindiir. Seliilozun yapisindaki hidroksil gruplart birgok
modifikasyon islemine imkan vermektedir. Olusturulan bu seliilozik yapilar endiistriyel olarak
pek cok alanda (gida katki maddeleri, membranlar, tekstil sanayi, cesitli kaplamalar vb.)
uygulanma sansina sahiptir. Ticari seliiloz esterlerine 6rnek olarak seliiloz asetat (CA), seliiloz
asetat propiyonat (CAP), karboksimetil seliiloz asetat biitirat (CMCAB), ve seliiloz asetat
biitirat (CAB) verilebilir. CA’mn yiiksek dayaniklilik ve alev alma mukavemeti gibi iistiin
fiziksel Ozelliklerinin yaninda, diisiik su dayanimi ve en genel solventlerde dahi diisiik
¢coziinlirliik gostermesi kullanimini kisitlamaktadir. Bu nedenle CA’mm modifikasyonu ile
birgok farkli seliiloz tiirevi (CMCAB, CAB vb.) gelistirilmistir. (Cao ve Zhang, 2011:7808-
7814°den aktaran: Dehmen, 2018:1-3)Seliiloz Asetat Biitirat (CAB), hem asetat hem butirat
gruplarini barindiran karisik bir seliiloz esteridir.

YONTEM
AKrillenmis CAB Sentezi

5 g CAB, 50 mL kuru 2-butanon (MEK) i¢inde ¢6zelti homojen hale gelinceye kadar eritilmis
ve daha sonra ¢ozelti 3 boyunlu, dibi yuvarlak 250 ml bir reaksiyon balonuna alinmistir. Azot
girisi, geri akis ve damlatma hunisi igeren sistem, i¢indeki nem ortamdan tamamen
uzaklastirilincaya kadar alevle kurutulmustur. Ortama dibiitil kalay dilaurat (DBTDL)
(agirlikca 9%0.1) (katalizor olarak) ilave edilmistir ve sistem 50°C'ye 1sitilmistir. (Bayramoglu,
Kayahan-Apohan ve ark.,2010:761-775’den aktaran: Beyler Cigil, Aydin Urucu ve
ark.,2021:6442). Akrillenmis CAB'in yapis1 asagidaki Sekil 1'de verilmistir.
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Acryloyl chloride

- Acrylated CAB

Sekil 1- Akrillenmis CAB sentezi

Kuarterner Amonyum Tuzunun Sentezi

10 mmol 2-(dimetilamino) etil metakrilat (DMAEMA), 10 mmol 1-Bromododekan ve 3 g
Etanol, kapag1 kapatilmis bir viale ilave edilmistir ve 70 C'de 24 saat karistirilmistir. Reaksiyon
tamamlandiktan sonra etanol buharlastirilarak uzaklastirilmistir. (Zhou, Weir ve ark., 2014:78).

Akrillenmis kuarterner amonyum tuzunun yapist agsagidaki Sekil 2'de verilmistir.
CH,

I |
NN TN H;C N
H;C Br \’Hko/\/ \CH3
CH,

1-Bromodecane
2-(Dimethylamino)ethyl methacrylate

70 °C
reflux

HiC g,
\s >

_ N/\/\/\/\/\CH
3 O/\/ \ 3
CH;

CH,
Sekil 2- Kuarterner amonyum tuzu sentezi
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PVA Cozeltisinin Hazirlanmasi

PVA polimerini ¢ozecek en iyi ¢oziicliyli belirlemek icin bazi deneyler yapilmistir. PVA
polimerinin ¢dziiciisiinii belirlemek icin yapilan deneylerde, ¢oziicii olarak DMF, aseton,
kloroform ve saf su kullanilmistir. DMF, aseton ve kloroform PVA’y1 homojen bir sekilde
¢ozmezken saf suyun PVA’y1 homojen olarak ¢6zdiigii belirlenmistir. Sonug olarak, PVA’nin
solventinin saf su oldugu belirlenmis ve deneylerin bir kismi saf su ile %8’lik PVA karisimdan
olusan ¢ozelti ile denenmistir.

Formiilasyonlarin Elektrospinning Yontemi ile Hazirlanmasi

Tablo 1°’de gosterilen miktarlarda malzemelerden alinarak karigtm hazirlanmis ve bu
karisimlardan alinarak elektrospinning yontemi ile kaplama formiilasyonlar1 hazirlanmistir.
Tablo 1 — Formiilasyon Tablosu

Kuarterner
Formiilasyon A-CAB Amonyum Tuzu PVA Foto baslatici
(9) (9)
FO 5,31 —_— —_— 0,03
F1 5,31 0,4 —_— 0,03
F2 0,04 0,4 —_— 0,03
F3 0,04 0,4 —_— 0,03
F4 — —_— 1,8 0,03
F5 2 _— 2 0,03
F6 1,6 _— 2,4 0,03
F7 0,8 —_— 3,2 0,03
F8 0,4 0,4 3.6 0,03
SONUC ve TARTISMA
FTIR

Sekil 3’te akrilllenmis CAB’mn FTIR spektrumu goriilmektedir. Sekil 3'deki A-CAB'in FTIR
spektrumu incelendiginde, 2884 cm™ goriilen titresim pikleri seliilloz asetat biitirat igindeki
biitirile aittir. Yaklasik 1749 cm™deki pik, seliiloz asetat biitirattaki ester karbonil gruplarmin
(C=0) gerilme titresimlerini temsil etmektedir. 1086, 1230 ve 1364 cm™ 'deki absorpsiyon
pikleri C-O ve C-O-C gruplarindan kaynaklanan titresim bandlaridir. Ayrica, karakteristik C=C
cift bag titresimleri 1635 ve 758 cm™de olusmustur ki bu da sentez reaksiyonun
tamamlandigini ve ylizeyin akrilat grubu ile modifiye edildigini gostermektedir. (Beyler Cigil,
Aydin Urucu ve ark.,2021: 6439-6448)
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Sekil 3- A-CAB’in FTIR spektrumu

Sekil 4’te DMAEMA ve sentezlenen kuarterner amonyum tuzuna ait FTIR spektrumlar
goriilmektedir. Sekil 4 incelendiginde 2921 cm™ ve 2854 cm™’de -CHs ve -CH2 gruplarindan
kaynaklanan pikler goriilmektedir. 1083 cm™ ve 720 cm™°de goriilen pikler asimetrik ve
simetrik N*-C gerilme titresimlerinden kaynaklanmaktadir. Bu pikler sentezin basarili bir
sekilde gergeklestigini gostermektedir. (Migahed, Shaban ve ark., 2015: 104480-104492)

) My

%T b)

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 380

Sekil 4- a) DMAEMA b) Kuarterner amonyum tuzu’'nmin FTIR spektrumlart
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Sekil 5’te FO ve F1 formiilasyonlarimin FTIR spektrumlart goriilmektedir. Spektrum
incelendiginde formiilasyon igerisinde sentezlenen kuarterner amonyum tuzu bulunan
formiilasyonun FTIR piklerinin biraz kayma gozlemlenmistir ki bu beklenen bir durumdur.

a)

%T |
b)

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 380
cm!

Sekil 5- a) FO b) F1 formiilasyonlarimin FTIR spektrumlar
'H-NMR

A-CAB’a iliskin karakteristik pikler Sekil 6’daki *H-NMR spektrumunda saptanmistir. 0,8—
1,1 ppm biitiril grubunun metil protonlarina, 1,9-2,2 ppm asetil grubunun metil protonlarina,
1,5-1,7 ppm ve 2,2-2,5 ppm araligindaki pikler biitiril grubunun metil protonlarini isaret eder.
3,1-4,5 ppm anhidroglikoz birimlerindeki rezonans protonlarindan kaynaklanmaktadir. 5,5-6,1
ppmde goriilen pikler -CH>=CH- grubunun protonlarina aittir. Ayni1 zamanda bu pikler yapilan
sentezin basarili bir gekilde gerceklestigini gostermektedir.
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Sekil 6- A-CAB’a ait *tH-NMR spektrumu
SEM

Hazirlanan formiilasyonlar icin SEM analizi yapilmistir. Sekil 7°deki SEM goriintiilerinden de
goriildiigli gibi hazirlanan formiilasyonlardan elektrospinning yontemi ile fiber yapilar elde
edilmistir.
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Sekil 7- F8 formiilasyonuna ait kaplamanin SEM gériintiisii

Antimikrobiyal Ozellikleri

Hazirlanan formiilasyonlarin antimikrobiyal 6zellikleri Gram-pozitif patojen bakteriler ve E.
coli, Gram-negatif patojen bakteriler S. aureus'a kars1 arastirilmistir. Orneklerin inhibisyon zon
caplari Tablo 2'de gosterilmistir. Kontrol numuneleri i¢in hazirlanan petri kaplarinda S. aureus
ve E. coli'nin petri kabinin tiim bolgelerinde homojen olarak iiredigi gozlenmistir. Hazirlanan
tiim fiberlerin E. coli ve S. aureus'a kars1 inhibitor etkiye sahip oldugu goriilmiistiir. Fiberlerin
antimikrobiyal 6zellik gostermesinin nedeni vardir. Bunun nedeni, sentezlenen kuarterner
amonyum tuzundaki katyonik gruplaridir. Sentezlenen kuarterner amonyum tuzundaki pozitif
yiklii amin, hiicre zarindaki negatif yiiklerle etkilesime girerek hiicre yapismasini iyilestirebilir
ve bu da hiicre i¢i bilesenlerin azalmasina yol acar. Bu da mikroorganizmalarin biiylimesini
engeller ve yap1 antimikrobiyal 6zellik kazanir. (Birtane, Sen, Bozdag ve ark., 2021: 3577—
3588) Fiberlerin yapisinda bulunan kuarterner amonyum tuzu miktarin1 ¢ok fazla
artiramadigimiz i¢in inhibisyon bolgeleri arasinda 6nemli bir fark yoktur.
Tablo 2 - Hazirlanan fiberlerin E. coli ve S. aureus'a karsi antimikrobiyal aktiviteleri
(santimetre cinsinden inhibisyon zon ¢api)

E. coli S. aures
Ornek
FO —_— —_—
F1 0,6 0,4
F2 0,8 0,5
F3 0,7 0,4
F4 0,6 0,8
F5 0,9 0,7
F6 0,7 0,8
F7 0,6 0,9
F8 0,8 0,6
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Bu ¢alisma, antimikrobiyal &zellikler gosteren fiberleri gelistirmeyi amaglamistir. Oncelikle
CAB akrilik asit ile akrilatlanmustir. Sonrasinda 2-(dimetilamino) etil metakrilat (DMAEMA)
ve 1-Bromododekan reaksiyona sokularak metakrilat grubu igeren kuarterner amonyum tuzu
sentezlenmistir. Akrillenmis CAB (ACAB) ve sentezlenen kuarterner amonyum tuzu UV ile
kiirlenebilen formiilasyonlarda fonksiyonel bir monomer olarak kullanilmistir ve ayn1 zamanda
kovalent olarak baglanmistir. Antimikrobiyal aktivite sonuglarina bakildiginda, kuarterner
amonyum tuzu iceren UV-kiirlenmis fiberler hem Gram-pozitif hem de Gram-negatiflere karsi
antimikrobiyal 6zelliklere sahip oldugunu gostermistir. SEM sonuglari fiberlerin basarili bir
sekilde olustugunu gdstermistir. Son olarak, elde edilen sonuglar yapilan sentezlerin basarili
bir sekilde gerceklestigini ve hazirlanan fiberlerin iyi antimikrobiyal 6zelliklerine sahiptirler
ve antimikrobiyal malzemesi olarak kullanilabilirler.
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Performance Analysis of a Custom TTL Circuit Using Monte Carlo Analysis Method

Ishak PARLAR!
M. Nuri ALMALF

Abstract

Logic gate circuits form the building blocks of digital electronics. In particular, it has enabled
microprocessor speeds to reach such high speeds today. Compressing identical logic gate
circuits to a certain scale region in a chip manufacturing process brings with it certain problems.
Logic gate circuits placed at the nanoscale are generally in TTL (Transistor-Transistor-Logic)
structure. This ensures that it can work in harmony with both speed and operating units.
Millions of these nanoscale elements come together to form an operating unit. Tolerance errors
or differences caused by such a large number may force the system to work stably. In this study,
Monte Carlo Analysis was used with Pspice circuit drawing package program. A special and
widely used logic gate circuit is discussed. This gate circuit is compared with 0% - 5% and
10% tolerance values. Monte Carlo analysis, which is one of the advanced analysis methods,
gave us the current, voltage, power and performance responses of both identical TTL circuits
at different tolerance scales. Thanks to this analysis, which offers a statistical evaluation
feature, the number of samples, sigma value, median value, mean values, maximum and
minimum values can be interpreted in detail. As a result, by using Monte Carlo Analysis
method of a special TTL circuit, it has been observed that the performance of the application
circuits increases as the tolerance values decrease.

Keywords: TTL, monte carlo analysis, logic circuits, pspice tutorial
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1.INTRODUCTION

CMOS and TTL structures fall into the circuit group called integrated. It is a set of circuits
formed by bringing together a large number of resistors, diodes and transistors in order to
perform certain functions. They can be classified by their level of integration and the type of
transistor used in their construction [1-3]. The integrated circuit family to be selected in the
logic application is determined according to the characteristics of the circuit. Today, TTL and
CMOS integrated circuits are generally preferred in circuit applications, except for very special
circuits. According to the integration levels: SSI (Small-Scale Integration), Medium Scale
Integration ( MSI ) (flip-flops, counters), Large Scale Integration (LSI) (memory elements
EPROM, ROM), VLSI (Very Large Scale Integration) (a mixture of Simple Microprocessors,
ScaleUltra and ULSI). According to the transistor types used in their structures: TTL
(Transistor-Transistor Logic) Integrateds: bipolar transistors are used. Power losses are very
high compared to CMOS integrates. Low Power Schottky TTL can be preferred to minimize
power losses [4-8].

In this study, simulation studies of output responses of low power consumption and high speed
Schottky TTL structure using Monte Carlo analysis method were carried out. With the help of
this analysis, the current, voltage, power and rise time responses of the TTL gate are examined
in detail. The statistical outputs of these examinations are shown in the histogram table. This
table will provide us with the opportunity to observe what kind of effects the tolerance values
of passive and active circuit elements used in the TTL gate cause on the previously mentioned
output responses. In this way, it will enable us to determine the most ideal operating point of
the 74XXXX family, which is the most preferred NAND gate, especially in digital application
circuits.

2.MATERIAL and METHOD
TTL (Transistor-Transistor-Logic)

Integrated circuits; they emerged by forming the resistors, diodes, transistors and other passive
circuit elements contained in the logic circuits on a single semiconductor layer and encased in
various types of protectors in Figure 1 [15].
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Figure 1 A special advanced TTL gate and symbol
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Monte Carlo Analysis

Monte Carlo not only statistically predicts the behavior of a circuit when part values change
within the tolerance range, but also presents it in detail as a block chart. Monte Carlo analysis
calculates the circuit response of a passive or active circuit element to changes in part values
by randomly changing all model parameters where tolerance is specified [3, 8, 10-12] This
provides detailed statistical data on the effect of variance of a device parameter. Monte Carlo
analysis is often used to estimate the values closest to the actual outputs in the manufacturing
process of a circuit. With Monte Carlo analysis, certain tolerances are given to the model
parameters and multiple analyzes (AC, DC or transient) are performed using these tolerances
[13-14].

In this analysis method, the number of runs can be increased to have more data for better
calculation. We can only reduce the number of runs from 100 to 10. In the simulation settings
seen in Figure 2, first the output variable is selected, and then the distribution to be used is
selected. The most preferred "Gaussian™ distribution gives us the histogram of the clearest
variable in detail in Figure 3.

General Analysis Configuration Files Cptions Data Collecton | Probe Window
Analysis Type: Monte Carla Enable PSpite AAsupportin legacy
D Sweep Worst-case/Sensitivity Output Variable:
Cptions: Maonte Carla Cntiocs —_—
¥ Primary Sweep @”fmrs: 0 D
Secondary Sweep Lse Distribution: (Zaussian Distributions. .
#  Monte CafofNorst Caze Randam number seed: [1.32767]
Parametric Sweep Sawve Data Fram: All uns

Temperature (Sweep) Warst-case/Sensitivity Options

Save Bias Point
"-.-EIF_-' COevice that have both DEY and LO tolerances

Load Bias Point
Limit devices o typeis)

Save data from each sensitivity run

MC Load Save Maore Settings .

oK Cancel Apply Reset Help

Figure 2 Simulation general settings tools
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8u 18u 12u 14u 16u 18u 28u
I

n samples = 10 10th %ile = 1.23617e-0865

n divisions = 160 median = 1.42536e-865

mean = 1.446087e-005 920th %ile = 1.71466e-005

sigma = 1.765%e-006 maximum = 1.81888e-0805

minimum = 1.15008e-005 3*cigma = 5.2976%e-0806

Figure 3 The histogram of | and associated statistics
The mean p is defined as;
— lzn X; 1
H= n&i=1" ( )

The standard deviation ¢ is defined as;

o = JE[X — p)?] @)

If Equation 2 is rearranged according to Equation 1, the following equation is obtained.

o= =3, (x — p)? ©

n-—1

An exemplary value is the maximum deviation from the nominal value, not the value of a
measurement or an available output variable [10-17].
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. 1
mean deviation = = ),i-; x; 4
n

If Equation 3 is rearranged according to Equation 4, the largest sigma equation is expressed as
follows.

Sigma= \/%Z?zl(xi — mean deviation)? (5)

3.RESULTS

In the circuit in Figure 4, the state change rate of the Q4 transistor is increased by reducing all
resistance values and connecting the Q1 and Q4 transistors Darlington. D1 and D2 diodes
prevent distortion that may occur with the TTL NAND gate operating at high speed. In this
group, the average power consumption per gate is 22mW, the delay is 6 ns, and the operating
speed is approximately 50MHz. Output current and output voltages were measured as 4.22V
and 1.085mA, respectively, in the simulated environment.
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Figure 4 High power TTL NAND gate

In the above circuit, there is a 2-input single-output TTL NAND gate. It is seen that the NAND
gate is obtained when the states of the A and B inputs of this circuit are written. All transistors
are selected identical. In order to increase the speeds at the system output, the current on the
supply side is increased with the help of the resistor. R6 resistor is selected as the load resistor.
The response of the power value on the load resistor was measured statistically with the Monte
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Carlo analysis method at 5% and 10% tolerance values, respectively. Values close to the
application were selected at the same tolerance values, including the diodes D1 and D2. In
Figure 5-7, the output responses of the system at both tolerance values are presented in detail.
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Figure 5 Output power for 0% tolerance

The power value on the output load is shown with 0 percent tolerance value in the circuit in Figure 5. Its power of 57.097mW has a single average

value. Since it has 0 tolerance, the standard deviation value is not calculated. Values of passive and active circuit elements in the simulation
environment are taken as basis.
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66n
Max (W(R6))

n samples = 100 mean = 0.0582587 minimum = 0.0496903 median = B8.8574708 naximum = 0.0707134
n divisions = 18 sigma = 0.0043063 168th %ile = B.08534848 90th %ile = 0.0645329 Jxsigma = 0.0129189

30ms 48ms 50ns 80ms 90ns

. W(R6)

Time

Figure 6 Output power for 5% tolerance

In the above simulation result screen, we see that the power on the load resistor is clustered around 55.997mW with a majority of 26%. It is seen
that the limit values are approximately between 50mW and 70mW. It is not possible to predict to reach 70mW in real applications. However,
thanks to Monte Carlo analysis, the extreme points that the TTL circuit can create in physical conditions can be seen. In the colored graph just
below, each power point of the simulation run in 100 steps is shown. It can be seen that there is only one blue power operating point at the top of
the graph. This shows us the importance of forecasting.
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100n
Hax (W{R6))

n samples = 100 mean = 0.0599559 minimum = 0.0433942 median = maximum = B.0887455
n divisions = 18 sigma = 9.08089 18 18th %ile = P.058421 98th %ile = B.07392466 3*sigma = 0.0272514

180mY

10ms Joms 40ms 50ms 70ms 80ms
.. W{R6)

Time

Figure 7 Output power for 10% tolerance

In this graph, on the simulation result screen, we see that the power on the load resistor is clustered around 57mW with a majority of 21%. It is
seen that the limit values are approximately between 45mwW and 90mW. It is not possible to predict reaching 90mW in real applications. However,
thanks to Monte Carlo analysis, the extreme points that the TTL circuit can create in physical conditions can be seen. In the colored graph just
below, each power point of the simulation run in 100 steps is shown. It can be seen that there is only one blue power operating point at the top of
the graph.

When we look at both graphs, it is seen that the mean values are approximately the same, while there is a standard deviation of up to 2 times in
the sigma value. This shows that sigma will indirectly increase as the tolerance value increases. When we look at the graph in Figure 6, it is
assumed that not measuring any value between 80mW and 90mW also increases the sigma value.
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4.CONCLUSIONS

By using identical gates in digital circuit applications, the output responses of existing systems
are accelerated. Considering that there are millions of NAND gates in a certain location, it has
become necessary to reveal the tolerance values of so many logic gates in detail. In other words,
the Monte Carlo analysis method was used to estimate the operating points almost exactly to
the operating points in real practice. Thanks to this analysis, it has been very useful to determine
the tolerance values of the elements in the application correctly and to estimate the closest
result by entering these tolerance values into the simulation model. As a result, it was calculated
that the results were obtained with 99.5% accuracy, especially when the 5% tolerance value
was compared with the results in practice. It has been observed that this accuracy drops to 98%
at tolerance values above 5%. Finally, when the performance of all tolerance values at the
power consumption point of the system is considered (0%-5%-10%), it is seen that the lowest
power consumption is at the 5% tolerance value.
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Noisy Electronic Component Images Classification
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Abstract

Studies using information obtained from images are gaining importance and becoming
widespread. In this study, seven different types of electronic components are classified. Two
different electronic component image datasets are used being combined. First one has resistor,
integrated circuit, capacitor and transistor images. Second one has resistor, diode, integrated
circuit, jumper, capacitor, light emitting diode and transistor images. Classification process is
applied to both original images and noisy images using a convolutional neural network (CNN)
model with three convolutional layers, three max pooling layers and two dense layers. Noisy
images are created by adding Gaussian noise to original dataset images. The results obtained
from images with different noise levels are compared. It is seen that results are affected by
noise level. Also, the used CNN model is compared with other CNN architectures and obtained
results are evaluated according to the number of parameters and training times of the
architectures.

Keywords: Electronic component, noise, classification, convolutional neural network
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INTRODUCTION

There are many studies about electronic components classification in the literature. Salvador
et al. present a model to classify electronic devices. They use transfer learning and deep
convolutional neural networks (Salvador et al., 2018). Hu et al. propose an algorithm for
electronic component classification. Hierarchical convolutional neural network is used in this
study (Hu et al., 2020). Cheng et al. suggest a method for classifying electronic components
using siamese network (Cheng et al., 2022). Varna and Abromavicius introduce an electronic
component detection and classification system on a conveyor belt. System performance is
evaluated with different object detection algorithms (Varna and Abromaviéius, 2022). In
another study, Atik presents an approach to electronic component classification by utilizing a
convolutional neural network (Atik, 2022). Kaya and Akgiil introduce a study on electronic
circuit elements classification. They use and compare different machine learning methods
(Kaya and Akgiil, 2022). Starodubov et al. propose an electronic component classification
method by fusing optical and x-ray images (Starodubov et al., 2022). Hozyn suggests a solution
for classifying electronic components in industrial applications. Many convolutional neural
network models are designed and used in this study (Hozyn, 2023). Makwana et al. present a
study that segments and classifies printed circuit board components (Makwana et al., 2023).
Seven different types of electronic components are classified in this study. These are resistor,
diode, integrated circuit (1C), jumper, capacitor, light emitting diode (LED) and transistor. A
CNN model is designed as classifier and two different electronic component image datasets are
used being combined. Noise is added to original images and the classifier is executed for both
original images and noisy images.

MATERIALS AND METHOD

Electronic Component Image Datasets

Two different electronic component image datasets are used in this study. First one is obtained
from (Neto, 2020). One thousand samples are taken from resistor, IC, capacitor and transistor
images in this dataset. Sample component images belong to this dataset are shown in Fig. 1.

V4 ‘-‘-“-v”! !!\\\\ .

Fig. 1. Sample component images belong to first dataset (Neto, 2020)

The second electronic component image dataset which contains resistor, diode, IC, jumper,
capacitor, LED and transistor is created by authors. Images of electronic components are taken
with a mobile phone on various backgrounds. Also, each image is rotated, brightness increased
and brightness decreased to multiply the number of images. Each electronic component type
has different number of images. Sample component images belong to this dataset are shown in
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In this study, first dataset (Neto, 2020) and second dataset are used being combined. The

numbers of dataset images are given in Table 1.
Table 1. The numbers of dataset images

Resistor Diode IC Jumper  Capacitor LED Transistor
First Dataset 1000 - 1000 - 1000 - 1000
Second Dataset 280 140 112 168 280 168 112
Total Number 1280 140 1112 168 1280 168 1112

In images, Gaussian noise occurs due to sensor noise which is the result of low illumination or
high temperature, and electronic circuit noise (Cattin, 2012). Gaussian noise is added to
electronic component images to create noisy images by using the probability density function
(Miller and Childers, 2004) which is defined in EQ. (1). In this process, mean (u) value is
accepted as 0 but different standard deviation (o) values are applied. These are 0.5, 1, 1.5 and
2.0. Noisy electronic component images are shown in Fig. 3. After adding noise to the original

images, four extra datasets are occurred.

1 _ (x=w?
fx(X) = We 202 (1)

(@) (b) (© (d)
Fig. 3. Noisy electronic component images (a) u=0 ¢=0.5 (b) u=0c=1 (c) u=0 c=1.5 (d)
u=00=2

Convolutional Neural Network Model

For image classification and object detection, CNNs are used as biologically inspired networks.
Architectures based on biological inspiration started with neocognitron (Fukushima, 1980) and
continued with LeNet-5 (Lecun et al., 1998) (Aggarwal, 2018). A CNN model which has 3
convolutional, 3 max pooling and 2 dense layers is designed as classifier. In all three
convolution layers, 3x3 kernels and ReLU activation functions are used. First convolutional
layer has 8 filters and others have 16 filters. Also, 2x2 kernels are used in max pooling layers.
Before first dense layer, there is a dropout layer with 0.5 probability value. In first dense layer,
there are 32 neurons and ReLU activation function is used. Second dense layer which has 7
neurons and softmax activation function is output. The designed CNN model is shown in Fig.

4.
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EXPERIMENTAL RESULTS

Original and noisy electronic component images are classified utilizing the designed CNN and
the results are evaluated. As experimental study properties; input image dimensions are
200x200 pixels, number of outputs is 7, number of epochs is 20 and number of steps per epoch
is 120. Also, 70% of the images in the datasets are used for training, 15% for validation and
15% for testing. The obtained accuracy values are given in Table 2 and graphs of accuracy vs.
epoch are shown in Fig. 5.
When accuracy values are examined, it is seen that when standard deviation (c) value of
Gaussian noise increases, train accuracy value decreases. Additionally, validation and test
accuracy values are similar when the standard deviation (o) value is 1.0 and above.

Table 2. Accuracy values of the designed CNN for different noise levels

Original p=0 6=0.5 p=0 o=1.0 p=0 o=1.5 p=0 0=2.0
Train accuracy 0.9929 0.9896 0.9853 0.9717 0.9684
Validation accuracy  0.9226 0.9074 0.8580 0.8491 0.8542
Test accuracy 0.9139 0.8898 0.8354 0.8430 0.8329

E——————— J—

(a) (b) (c)
o8 /_,———’/—f‘1/ //—/—/‘)\
(d) (e)
Fig. 5. Graphs of accuracy vs. epoch (a) original (b) u=0 ¢=0.5 (¢) u=0 =1 (d) u=0 o=1.5
(e) u=00=2

The designed CNN is compared with AlexNet (Krizhevsky et al., 2012) and VGG-11
(Simonyan and Zisserman, 2015) utilizing original electronic component images. The
experimental study properties are determined the same as the previous experiment. The
obtained accuracy values are given in Table 3.

When accuracy values are evaluated, it is seen that AlexNet (Krizhevsky et al., 2012) has the
lowest accuracy values. VGG-11 (Simonyan and Zisserman, 2015) has the highest train
accuracy value and the designed CNN has the highest validation and test accuracy values.
However, the total number of parameters of the designed CNN is less than others so it is trained
in a much shorter time. The designed CNN has 274,823 parameters. AlexNet (Krizhevsky et
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al., 2012) and VGG-11 (Simonyan and Zisserman, 2015) have 46,781,191 and 101,532,039
parameters respectively.
Table 3. Accuracy values of CNN models

Designed CNN  AlexNet VGG-11
Train accuracy 0.9929 0.8465 0.9964
Validation accuracy  0.9226 0.8276 0.9163
Test accuracy 0.9139 0.8253 0.9088

CONCLUSION

A CNN is designed to classify both original and noisy electronic component images. The
results obtained from images with different noise levels are compared and it is seen that noise
level affects accuracy values. Also, the designed CNN model is compared with AlexNet
(Krizhevsky et al., 2012) and VGG-11 (Simonyan and Zisserman, 2015). Obtained accuracy
values of architectures are evaluated considering total number of parameters. In future studies,
more comprehensive work can be done by using more electronic components.

Information

This study is derived from the first author's master thesis.
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Civatah Flans Baglantilar1 Olan Montajh Rotor Modiillerinde Coklu Vekil Modeller Kullanilarak

Cok Amach Optimizasyon

Kadir Kaan AYTUGH
Erdem ACAR?

Ozet

Crvatali flans yapilari, ugak motor tasariminda kritik neme sahiptir ve motor komponentlerini birbirine
baglamak i¢in kullanilmaktadir. On tasarim asamasinda, yapisal biitiinliik kriterlerine gore civata
sayilari, ebatlar1 ve yerlesimlerinin yaninda flans ebatlar1 da degerlendirilmektedir. Bu degerlendirme,
montajli rotor gruplarmin degisken termal ve mekanik yiiklere maruz kalmasi sebebiyle, hesaplama
yogunlugu yiiksek sonlu elemanlar modeli simiilasyonlarin1 gerektirmektedir.

Hesaplama yiikiiniin yonetilmesi ve ylksek dogruluklu ¢oziimlerin elde edilmesi amaciyla, vekil
modelleme teknikleri, verimlilik ve yenilik i¢in dnemli bir ara¢ haline gelmistir. Bu ¢alismada, NASA
ve GE'nin E3 Yiiksek Basingl Tiirbin Test Donanimi Ayrintili Tasarim Raporu'nda konu edilen yiiksek
basmg¢lh tlirbin modiiliiniin rotor grubundaki civatali flans baglanti tasarimlari i¢in ¢oklu vekil
modelleme yaklagimi incelenmistir.

Rotor grubunda ti¢ adet flang bolgesi bulunmakta olup her biri sonlu elemanlar teknikleriyle ayri ayri
modellenmistir. Bu modeller kullanilarak vekil modeller olusturulmustur. Vekil modeller, civatali flang
tasarim parametrelerini girdi olarak alacak sekilde olusturulmustur. Gerilmeler ve temas bolgelerindeki
tepki kuvvetleri ise ¢ikt1 parametreleri olarak secilmistir. Ansys analiz ve simiilasyon yaziliminin
sundugu Latin Hiperkiip Ornekleme metodu ile deney tasarimlar olusturulmus ve Genetik Birlestirme
Yanit Yiizey metodu ile vekil modeller olusturulmustur.

Vekil modellerin egitim noktalarindaki gapraz dogrulama igin basarimlari, 0.98 belirlilik katsay1s1 R?ve
%2’den az goreceli kok ortalama kare hatasi (RRMSE) olarak hesaplanmastir.

Optimizasyon c¢aligmalarinda Ansys yazilimmin sunmus oldugu Cok Amacgh Genetik Algoritma
(MOGA) yontemi kullanilmistir. Tiim flans bolgeleri igin de yapisal biitlinliik kriterlerini saglayan
tasarimlar elde edilebilmis olup baslangi¢c durumuna gore her ii¢ flans bolgesi i¢n de sirastyla %8, %21,
%7 mertebelerinde hafifletme ve sirasiyla %2.7, -%0.5 ve %12 mertebelerinde gerilmelerin azalmasi
yoniinde iyilestirmeler saglanmistir.

Bu calisma, ¢oklu vekil modelleme teknigi kullanilarak biiyiik modellerin alt modeller araciligiyla
incelenmesinin ve yapisal biitlinliik kriterlerini saglayan tasarim alternatiflerinin belirlenmesinin
miimkiin oldugunu gostermistir.

Anahtar Kelimeler: Ugak Motorlari, Yapisal Biitiinliik, Vekil Modelleme, Cok Amagl Optimizasyon

I'TOBB ETU, Department of Mechanical Engineering
2 Prof.Dr., TOBB ETU, Department of Mechanical Engineering
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Giris

Ugak motorlari, belirli bir gorev profiline gore calisacak sekilde tasarlanmistir ve motor
bilesenlerinin, degisen 1s1l ve mekanik yiikler altinda belirli bir 6miir kriterine uygun olarak
yapisal biitlinliigiinii korumasi gereklidir.

Bu motorlar esasen Brayton termodinamik dongiisii ile ¢alisan gii¢/itki tiniteleridir. Yiiksek
basing altinda sikigtirilan hava, yanma odasinda yakit ile karistirilir ve ytliksek sicakliklara
ulasir. Bu enerji, tiitbin kademelerini dondiirerek ise dontisiir. Elde edilen is, mekanik
baglantilar araciligryla kompresore aktarilir ve boylece dongii devam eder.

Ucak motorlarindaki tork aktarimi, civatali flans ve egrisel kaplin tasarimlan ile saglanir.
Ozellikle NASA ve General Electric tarafindan gelistirilen E3 turbofan motorunda bu
baglantilar kullanilir. Motor komponentleri arasindaki mekanik baglantilar, flans
ylizeylerindeki siirtiinmeli temas tlizerinden tork aktarimini saglar.

Rotor diskleri ve saftlar1 bir arada tutan civatali flang baglantilarinin tasarimi, motorun gorev
sirasinda maruz kaldigr yiikler altinda yapisal biitiinliigii saglamak i¢in kritik 6neme sahiptir.
Bu tasarimlar, yorulma ve siirlinme dayanimi gibi kriterleri dikkate alir.

Civatali flans baglantilarinin tasariminda flang geometrisi, civata sayist ve boyutlari, delik
konumlar1 ve civatalara uygulanan 6n yiikleme kuvveti gibi faktorler 6nemlidir. Bu faktorlerin
etkisi, sonlu elemanlar modelleme teknikleri kullanilarak belirlenir.

Tasarim siireclerinde, 6zellikle 6n tasarim agsamasinda, 2 boyutlu sonlu elemanlar modelleme
teknikleri kullanilarak yapisal analizler yapilir. Rotor grubu iizerinde yapilan analizler, uzun
¢oziim siireleri gerektirir ¢iinkii dogrusal olmayan temas tanimlari igerir ve degisen yliklemeleri
simiile eder.

On tasarim asamasindaki iteratif siiregler, uygun tasarmm alternatiflerinin belirlenmesi igin
hesaplama giicii ve maliyet artisina yol acar. Bu durum, yapisal biitiinliik kriterlerine uygun
tasarimlarin belirlenmesi igin gelistirilecek yontemlere olan ihtiyaci artirir.

Vekil model yaklasimi, analiz ve tasarim siireglerini hizlandirmak, hassasiyet analizleri
yapmak ve tasarim iyilestirmeleri saglamak i¢in kullanilan 6nemli bir tekniktir. Bu yaklagimin
ucak motorlarinin kavramsal tasarim siireglerindeki uygulanabilirligi incelenmektedir.

Yontem

Montajli rotor modiilii flans bolgeleri i¢in sonlu elemanlar modelleri olusturulmustur. Sonlu
elemanlar modelleri i¢in vekil modeller gelistirilmistir. Vekil modeller, yapisal biitiinliik
kriterlerinin incelenmesi amaciyla kullanilmigtir. Vekil modeller kullanilarak ¢ok amach
optimizasyon teknigiyle yapisal biitiinliik kriterlerini saglayan tasarimlar elde edilmistir.

Literatiir Arastirmasi

Ugak motorlari, verimlilik ve uzun kullanim &mrii isterlerine gore tasarlanmaktadir. Bu
isterlerin saglanmasi amaciyla otoriteler tarafindan tanimlanan yapisal biitiinliik kriterlerinin
karsilanmasi gerekmektedir. Yapisal biitiinliik kriterleri siirlinme 6mrti, diisiik ¢evrim yorulma
omrii, ¢atlak 0mrii 6zelliklerine dayanmaktadir.

Yapisal biitiinliik kriterlerine gore tasarim c¢alismalarinin yiiriitiilebilmesi adina sonlu
elemanlar analizleri yapilmaktadir.

NASA ve GE firmalar tarafindan gelistirilen E3 FPS (Energy Efficient Engine — Flight
Propulsion System) motorunun yiiksek basing¢li tiirbin modiiliiniin montajli rotor grubunda ti¢
adet flang baglantis1 bulunmaktadir. Flans baglantilarinin yapisal biitiinliik kriterlerini
saglamak i¢in, tiirbinde olusturulan isin rotor kademeleri arasinda tork olarak aktarimini
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saglamasi gerekmektedir. Bunun saglanabilmesi i¢in flans ylizeyleri iizerinde agilma ve relatif
kayma hareketlerinin engellenmesi gerekmektedir [1].

B. Single-wall
!:'\ Structure

9. Stage 1 Ceramic Shrouds

2. Impeller for Increase in e
Blade 1 Cooling Pressure L iy
Bac::low Margin i i’i 10. Stage 2 Solid Shrouds
Low Expansion 5. Boltless
Material Inco $03A i

i Blade
1. Expander System, Lower —%,_ Retainers
Coolant Temperature

\ \ 7. Interstage
1 Seal Disk
h ~ —-S
—— S
Irducer Disk i
\-\.‘ }
—_— i % n
3. Inmer Tube Separates Fan -—'—E“L N e R — 2 . e

Air (Under Tube) from

\ —
Stage 2 CDP Coolant Air No Bolts in Disks

4. Deswirler (For Vortex)

Sekil.8: E3 FPS Yiiksek basin¢li tiirbin modiilii.

Flang bolgelerindeki biitlinliik kriterlerinin saglanabilmesi igin literatiirde sonlu elemanlar
analizlerinin uygulandig1 ¢alismalar mevcuttur. Bu caligmalarda civata yapilarinin ve temas
baglantilarinin modellenmesi ele alinmaktadir [2,3,4].

Vekil model olusturma teknikleri, hesaplama karmasiklig1 yiiksek sistemlerin cevaplarinin
tahmin edilebilmesinde kullanilan yontemlerdir. Sistem girdi parametrelerinin sistem
cevaplarini ne Olgiide etkilediginin ve hassasiyetlerinin tespitinin saglanmasi i¢in kullanilan
vekil modeller, optimizasyon ¢alismalarinda kullanabilmektedir [5].

Sonlu Elemanlar Modellerinin Olusturulmasi

Rotor modiiliinde bulunan flang bolgelert, ilgili komponentleriyle birlikte modellenmistir. Her
bir flans bolgesi i¢in ayr1 sonlu elemanlar modelleri kurulmustur. Modelleme tekniginin
validasyonu i¢in literatiirdeki tiirbin rotor modiilii birinci kademe diskinin gerilme analizleri
i¢in verilen sonuglar kullanilmustir [6].

3"International Congress on Multidisciplinary Natural Sciences ICOMNAS-2023), Dec 07-08 2023
Ankara / TURKEY | 109



3"International

Congress on Multidisciplinary Natural Sciences
ISBN: 978-625-6488-58-8

593 MPa

848 MPa

572 MPa

1138 MPa
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1034 MPa

Sekil0.9: Yapisal analiz validasyon ¢alismalart.

Olusturulan sonlu elemanlar modellerinde flansg bolgelerinde siirtiinmeli temas baglantilar
kullanilmigtir. Yivli bolgelerde siki gegmeyi hesaba katabilmek igin siirtlinmeli temas
baglantilar1 sik1 gegmeli olarak modellenmistir.

Temas baglantilarinin modellenmesinde Ansys’in sundugu Contac175 ve Targel69 elemanlari
kullanilmistir. Temas baglantilar1 formiilasyonlar1 temas eden yiizeylerin penetre etmesine
miisaade etmesini hesaba katabilmek amaciyla “Augmented Lagrange” olarak belirlenmistir.
Temas eden yiizeylerdeki ¢6zlim aglarinin tespiti i¢in “Gauss Point” yontemi tercih edilmistir.
Civata 6n yilikleme kuvvetlerinin temas yiizeylerinden okunabilmesi, temas modellemelerinin
calistigin1  gostermesi acisindan Onemlidir. Bu durumun kontrol edilmesi i¢in flang
ylizeylerinde, civata 6n yliklemesi anindaki tepki kuvvetleri hesaplanmaistir.
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Time[s]  |[¥ ¥ Axis - Force Reaction - inducer_to_shaft_flange - Contact (Underlying Element) - 3. s (1) IN] [ &
252525 1.7138e+006
26| 2625 2,0449¢-006
27|27 2,3758e-006
28 | 2.70682 006
29| 3.0376e +006
30| 3.28532+006
3| 3.2636e-006
32| 3,2815¢-006
33 3.278¢+006
34| 3.27272+006
35| 3.267¢+006
36 3. 3.2613e-006
37 3. 3.2529-006 v

Sekil.10: Birinci flans bolgesi icin temas baglantisindan okunan tepki kuvveti.
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Sekil 11: Birinci flans civatalarina uygulanan on yiikleme kuvveti [11].
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I ¥ 4xis - Force Reaction - Frictional - hpt_1_to_is - Contact (Underlying Element) - 3. s () [M]
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23251e+006
22826006
2234006
2.1804e-006
21198e-006

Sekil. 12: Ikinci flans bolgesi igin temas baglantisindan okunan tepki kuvveti.
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Sekil0.13: Ikinci flans civatalarina uygulanan on yiikleme kuvveti [11].

Elde edilen sonuglar, civatalara uygulanan 6n yiikleme kuvvetlerinin temas yiizeylerinden
okunabildigini gostermektedir. Bu durum, temas baglantist modellemelerinin ¢alistigini
dogrulamaktadir.
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Sekil 0.14: Sonlu elemanlar modellerinde kurulan temas baglantilart.

Analiz is akisi, ilgili tasarim raporunda verilen gorev profili dikkate alinarak olusturulmustur
[1]. Tiirbin modiilii montajli rotor grubu i¢in hizmet 6mriiniin en kisa oldugu yiikleme kosullar1
motor ¢aligmasinin ardinda 40, 875, ve 1700.saniyeler olarak belirtilmistir [11].

A

-

1 1 1 1 [
2 @ EngneeringData v 2 v . 2 v 2| @ Z A
3 B ceometry v ;| v 3 v 4 13 [ ceometry v .
4@ Model v . 14 v . 4 v 4 14 @@ Model v 4
5 | [5) Parameter ” 5 v . 5 v . 5§ setp v 4
Mechanical Model " u 6 uti v 4 6 5 solution v ou 6 @ Solution v 4
“ 7 v 4 7 @ Rests v 4 7 @ Resilts v 4

arameters 3 s \—) 8 [5d Parameters 8 |Tpd Parameters
|_ Steady-Seate Thermal Steady-State Thermal Steady-State Thermal Static Structural
[2 parameter set

Sekil.15: Flans bolgeleri icin olusturulan analiz is akist.
Vekil Model Olusturma Calismalar:

Vekil modellerin olusturulmasinda girdi ve ¢ikti parametreleri, flans tasarimlarinin yapisal
biitiinliik degerlendirmelerinde kullanilan kriterlere gore belirlenmistir.

Tablo 2: Vekil modeller igin belirlenen girdi parametreleri.
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Vekil Model #1 | Vekil Model #2 | Vekil Model #3
Flang et kalinliklar + + +
Civata boyutlart + + +
Civata konumlar1 + + +
Civata adetleri + + +
Civata 0n yiikleme kuvveti + + +
Yivli bolgelerdeki siki gegme miktarlari + + +

Tablo 3: Vekil modeller i¢in belirlenen ¢ikti parametreleri.

Vekil Model #1 | Vekil Model #2 | Vekil Model #3
Flans tepki kuvvetleri + + +
Yivli bolgelerdeki tepki kuvvetleri + + +
Delik bolgelerindeki VM gerilmeleri + + +
Flang bolgesi kiitlesi + + +
Flang bolgesi ezilme gerilmeleri + + +
Yivli bolgelerdeki ezilme gerilmeleri + + +
Crvatalarda olusan Von Mises gerilmeleri + + +

Vekil modellerde kullanilan deney tasarim kiimelerindeki parametrelerin alt ve iist deger
sinirlart ilgili tasarim raporundaki yiiklere, ve 6l¢eklendirilen boyutlara gore belirlenmistir.

Tablo 4: Vekil model girdi parametreleri icin alt ve iist sinir degerleri.

Vekil Model #1 | Vekil Model #2 | Vekil Model #3

Sag flans et kalinlik degisimi [mm] [-5,10] [-4, 6] [-4, 6]

Sol flans et kalinlik degisimi [mm] [-5, 10] [-4, 6] [-4, 6]
Crvata yari ¢ap degisimi [mm] [-4, 6] [-2, 5] [-2, 5]
Crvata konum degisimi [mm] [-2, 10] [-3, 5] [-1.5,10]

Civata adeti [20,70] [30,70] [20, 60]
Crvata toplam 6n yiikleme kuvveti [KN] [300, 500] [200, 400] [200, 400]
Sol yiv sik1 gegme miktar1 [mm] [0.01, 0.1] [0.01, 0.1] [0.01, 0.1]
Sag yiv sik1 gegme miktari [mm] [0.01, 0.1] [0.01, 0.1] [0.01, 0.1]

Vekil Model Basarimlari
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Vekil model basarimlar belirlilik katsayis1 R?ve goreceli kok ortalama kare hatasi (RRMSE)
olarak hesaplanmistir. Tablo.4, Tablo.5, ve Tablo.6’da ilgili flanglarin civata delik
bolgelerindeki gerilmelerin tahminine dair basarim metrikleri verilmistir.

Vekil modellerin, besinci yilikleme adiminda delik bolgelerindeki es deger Von Mises
gerilmelerini tahmin etmedeki bagarimi ilgili metriklerle verilmistir. Besinci ylikleme adiminin
secilme sebebi E3 FPS motorunun kalkis (ing. Take-off) gorevindeki termal ve mekanik

yiiklerin bu adimda uygulaniyor olmasidir.
Tablo 5: Vekil Model #1 civata delik gerilmeleri i¢cin basarum metrikleri.

Crvata Deligi Gerilmeleri (t = 5)
HP Shaft | Inducer Disk Rotor #1
Metrik
R? Egitim Noktalarinda 1 1 1
Egitim Noktalarinda Capraz Dogrulama 0.9989 0.9985 0.9967
RRMSE Egitim Noktalarinda 0 0.062371 0
Dogrulama Noktalarinda 0.47735 0.42614 0.57139
Egitim Noktalarinda Capraz Dogrulama 0.5032 0.3518 0.65814
Tablo 6: Vekil Model #2 civata delik gerilmeleri i¢in basarim metrikleri.
Metrik Crvata Deligi Gerilmeleri (t =5 i¢in)
Rotor #1 Interstage Disk Rotor #2
R? Egitim Noktalarinda 1 0.99998 1
Egitim Noktalarinda Capraz Dogrulama | 0.9998 0.9995 0.9995
RRMSE Egitim Noktalarinda 0.015098 0.031997 0
Dogrulama Noktalarinda 0.22709 0.29737 0.289
Egitim Noktalarinda Capraz Dogrulama | 0.10033 0.15167 0.15439
Tablo 7: Vekil Model #3 civata delik gerilmeleri icin basarim metrikleri.
Metrik Civata Deligi Gerilmeleri (t = 5 igin)
Rotor #2 | Aft Seal Disk Retainer Arm
R? Egitim Noktalarinda 0.99999 1 1
Egitim Noktalarinda Capraz Dogrulama | 0.9987 0.9997 0.9988
RRMSE Egitim Noktalarinda 0.030515 0 0
Dogrulama Noktalarinda 0.46737 0.06762 0.48147
Egitim Noktalarinda Capraz Dogrulama | 0.46932 0.17065 0.48124

Vekil modeller i¢in elde edilen basarimlar, optimizasyon g¢alismalarinda kullanilmalaria
imkan vermektedir. Yapisal biitiinliik kriterlerinin incelenmesinde kullanilan diger degiskenler
i¢in elde edilen basarim metrikleri 0.98 belirlilik katsayis1 R?ve %2’den az goreceli kok
ortalama kare hatas1 (RRMSE) olarak hesaplanmustir.

3"International Congress on Multidisciplinary Natural Sciences ICOMNAS-2023), Dec 07-08 2023 | NRERESEEEES
Ankara / TURKEY | 115



3"International

Congress on Multidisciplinary Natural Sciences
ISBN: 978-625-6488-58-8

Optimizasyon Calismalari

Optimizasyon caligmalarinda yapisal biitlinliik kriterlerini saglayan flang tasarimlarinin elde

edilmesi amacglanmistir. Bu dogrultuda flang delik bolgesi gerilmeleri, temas ylizeylerindeki

ezilme gerilmeleri, temas baglantilarinda olusan tepki kuvvetlerinin yiikleme zamanlarina bagl

olarak degisimleri, ve flang bolgesi kiitlesi degerlendirmeye katilmistir.

Birinci vekil modelin optimizasyonu i¢in kullanilan formiilasyon Esitlik.1’de verilmektedir.
Min -(oyrs — K¢ * Ogelir1)

m_flans
St (5.1)
Fflans 3 > 2,652kN
Frians, ,, s > 06
ViV 08 > 0.6
Tyt < 600 [MPa]
ftans < 600 [MPa]
O cwwata,on_yukleme < 765 [MPa]
2 (150.87-Acyyata.r) xsin(#;_adedi) > 2x2(Yapata + Aewata)
2% (150.87-Acyyara.r) xsin(#f_adedi) < 4x2(Tewata + ATewata)
(2rewata + 287 qpata) > 3
14.1454 + AXpigns1 + DXfigngs + 26
(2rcata + 287 qata) < 5
14.1454 + Axflans,l + Axflan;,z + 26
K, m e {12}
p e {456}
i e {123}

Formiilasyonda iki adet amag¢ fonksiyonu mevcuttur. Birincisi yorulma Omrii isterlerinin
saglanmast amaciyla, civata delik bolgesinde olusan gerilmelerin malzeme c¢ekme
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dayanimindan az olmasini amaglamaktadir. Ikinci amag¢ fonksiyonu ise flang bolgesinin
kiitlesinin minimizasyonu tizerinedir.
Birinci kisit fonksiyonu, ilgili tasarim raporunda [1] belirtildigi iizere kalkis gorevi sirasinda
tork aktariminin yapilacag: flans yilizeylerinde var olmasi istenen en diisiik tepki kuvvetini
gostermektedir. Burada hesaplanan tepki kuvveti, ilgili gérev noktasi aninda civatalar tizerinde
mutlaka olmasi istenen minimum 6n yiikleme kuvvetine (ing. Minimum clamping load [1])
karsilik gelmelidir.
Ikinci kisit fonksiyonu, temas baglantilarinin E3 FPS motorunun gérev profilinde bulunan
ardigik iic gorev noktasinda da calistyor durumda olmasimi dikte etmektedir. Burada
amagclanan, ilgili tasarim raporunda da [1] bahsedildigi iizere flans bolgelerinde relatif bir
kayma hareketinin veya ayrilma durumunun yaganmamasint saglamaktir. Dolayisiyla her
yiikleme adiminda flans yiizeylerinden okunan tepki kuvvetlerinin, iigiincii yiikleme adiminda
uygulanan flans 6n yiikleme kuvvetine oran1 0.6 degerinin altina diismemelidir. Bu degerin
daha da iyilestirilmesi gorev profilindeki tiim noktalar i¢in istenen tork degerinin bilinmesiyle
miimkiin olabilir.
Ugiincii kisit fonksiyonu, yiv bdlgesi temas baglantilarinin agilmasim kisitlamak iizerine
olusturulmustur. Tork aktarimi i¢in mindr etkisi olsa da [1] bu bolgedeki temas baglantilarinin
calismasini garantilemek i¢in civata 6n yiikleme kuvvetinin uygulandigi {i¢iincii yiikleme
adimindaki y1v temas baglantilarindan okunan tepki kuvvetlerinin dordiincii, besinci, ve altinci
yiikleme adimlarindaki diisiis miktarlar1 sinirlandirilmastir.
Dordiincii ve besinci kisit fonksiyonlart ise temas baglantilarinin tanimandigi yiv ve flans
bolgelerindeki ezilme gerilmelerinin (crush stress), malzemenin akma dayanimindan belli bir
emniyet katsayisini garantileyecek kadar diisiik olmasi seklinde tanimlanan yapisal biitiinliik
kriterine dayanmaktadir [2].
Altinci kisit fonksiyonu ilgili tasarim raporunda da belirtildigi tizere yiiksek sicaklikta ¢alisan
civatalarin zaman igerisinde gosterecegi gerilme gevsemesi davranigini  siirlamayi
amaclamaktadir. Gerilme gevsemesi, sliriinme (ing. creep) hareketinin bir sonucu olup civataya
uygulanan 6n yiikleme kuvvetinin zaman igerisinde diismesine ve flans yiizeylerinin temas
baglantilarinin acilmasina sebep olacaktir. Siirlinme hizi, artan gerilmelerle artacagi igin
civatalarin maruz kalacagi gerilme miktarinin ilgili tasarim raporunda verilenden diigiik olmas1
amagclanmustir.
Yedi ve sekizinci kisit fonksiyonlar: Nasa Fastener Design Manual [5] kaynaginda belirtildigi
iizere civatalarin boyut, konum, ve adetlerini; komsu flans deliklerinde olusan 3B gerilme
alanlarinin birbirini etkilemesini engelleme amaciyla olusturulmus geometrik kisitlardir. Kisit
fonksiyonlarmda kullanilan A;;,4¢4 5, terimi civata konumunun radyal dogrultuda degisimini
ifade etmektedir.
Dokuz ve onuncu kisit fonksiyonlart da geometrik kisitlar olup, civata ¢capinin uzunluguna
oranini kisitlamaktadir. Civata ¢apinin, uzunluguna orani civatanin siirinme dayanimiyla ters
orantilidir [28]. Bu kisitlar ile ilgili oraninin belirtilen araliklarda [28] kalmasi1 saglanmis olup
ayn1 zaman flans bolgesindeki et kalinliklar1 i¢in de geometrik kisitlar olusturulmustur. Kisit
fonksiyonlarinda kullanilan 7,,,4¢, terimi civata yaricapini, ve Ar,,,q¢q t€rimi ise civata yari
capindaki degisimi ifade etmektedir. AXfigng1 V€ AXfigng, terimleri ise flanglarin et
kalinliklarindaki degisimleri ifade etmektedir.
Ikinci vekil modelin optimizasyonu i¢in kullanilan formiilasyon Esitlik.2’de verilmektedir.
Min (oyrs — K¢ * 0gelir.i)
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m_flang
St 2)
F flans 3 > 1,750kN
Ff lansy 5 ¢3 = 06
. > ]
ywm_to_t3 - 0 6
Oyiv < 600 [Mpa]
(mty)
O-ﬂans(k,tp) < 600 [M Pa]
O-cwata,on_yukleme < 765 [MPa]
. in(—60 > 2x2(r, + Ar,
2X(150.87-A1p4t0.x) XSIn(ZXcmata_adedi) (Tewata cwata)
- 360 < 4x2(r, + Ar,
2X(150.87-A1p4t0.x) XSIn(Zchata_adedi) (Tewata cwata)
(27 qyata T+ 287 cpata) > 3
14‘14‘54 + Axflans,l + Ax/rlan$‘2 + 26
(2T cwata + 287 qpata) < 5
14.1454 + Axflan$,1 + Ax/rlansjz + 26
k, m e {12}
p € {456}
i € {123}

Ucgiincii vekil modelin optimizasyonu igin kullanilan formiilasyon Esitlik.3’te verilmektedir.
Min  -(oyrs — K¢ * 0gelik_i)

m_flang
St (5.3)
Friang t3 > 1,456kN

0.6

v

F flansg to_t3
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Fyivm_to_t3 > 06
Oyivimey) < 600 [MPa]
Oftansiieny) < 600 [MPa]
chata,on_yukleme < 765 [MPa]
. 360
2X(150-87'Acwata,x) XSIH(W) =2 2x2(Tewata + ATawata)
. 360
2X(150-87'Acwata,x) XSIH(W) < 4x2(Tewata + ATewata)
(2rawata + 287cpata) > 3
14.1454 + AXfigng 1 + DXfiango + 26
(2Tewata + 287cwata) < 5
14.1454 + Axfigng1 + Axriang2 + 26
k, m e {12}
p € {456}
i e {123}

Optimizasyon Calismalar: Sonuclari

Yapisal biitiinliik kriterlerini saglayan tasarimlar her ii¢ flans bolgesi i¢in de elde edilebilmistir.
Karar degiskenleri i¢in hesaplanan degerler vekil modellerin tanminleridir.

Tablo 8: Birinci flans bélgesi i¢cin yapisal biitiinliik kriterlerini saglayan tasarimlar.

3"International Congress on Multidisciplinary Natural Sciences ICOMNAS-2023), Dec 07-08 2023 | NRERESEEEES
Ankara / TURKEY | 119



3" International
Congress on Multidisciplinary Natural Sciences

ISBN: 978-625-6488-58-8

Tasarim Degiskenleri Tasarim #1 Tasarim #2 Tasarim #3
Civata sayisi 31 29 30

Civata Merkez Konumu [mm] 149.1195 149.0884 149.2421
r_civata [mm] 7.5955 7.5258 7.5702
Flans #1 Et Kalmlig 14.5881 14.5608 15.3625
Flans #2 Et Kalinlig: 16.8984 16.5462 16.1676
u_sol [mm] 0.0189 0.013936489 0.0125923
y_sag [mm] 0.0327 0.022725449 0.0327374
F_(on_yukleme) [kN] 3902 3707 3805

Tablo 9: Birinci flans bélgesi optimum tasarumlar igin karar degiskenlerinin degerleri.

Karar Degiskenleri Tasarim #1 Tasarim #2 Tasarim #3
m_flans [kg] 6.5151 6.6090 6.6507
c_delik 1 [MPa] 208.9320 223.816 220.048
c_delik 2 [MPa] 375.0880 374.2 377.432
c_delik 3 [MPa] 333.8160 339.272 330.648

Tablo 10: Ikinci flans bélgesi icin yapisal biitinliik kriterlerini saglayan tasarimlar.

Tasarim Degiskenleri Tasarim #1 Tasarim #2 Tasarim #3
Civata sayisi 56 53 54
Civata Merkez Konumu [mm] 203.960825 204.082558 204.20768
r_civata [mm] 4.632217915 4.7112 4.808277
Flans #1 Et Kalinlig1 7.2789 7.341161 7.584888
Flang #2 Et Kalinligi 10.3596 10.237203 10.661422
u_sol [mm] 0.029678041 0.026493491 0.0294233
y_sag [mm] 0.044085331 0.01275017 0.0812661
F_(on_yukleme) [kN] 2764 2814 2902

Yapisal biitiinliik kriterlerini saglayan tasarimlar i¢in optimizasyon ¢alismalarinda karar
degiskeni olarak tanimlanan ¢ikt1 parametrelerinin degerleri Tablo 10°da verilmektedir.

Tablo 11: Optimum tasarimlar i¢in karar degiskenlerinin degerleri.
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Karar Degiskenleri Tasarim #1 Tasarim #2 Tasarim #3
m_flans [kg] 6.3609 6.423483587 6.60215153
o_delik 1 [MPa] 310.7228086 317.6776003 309.824529
o_delik 2 [MPa] 391.7619767 394.1332312 395.790745
c_delik 3 [MPa] 315.6361879 329.2136793 305.698287

Tablo 12: Ugiincii flans bélgesi icin yapisal biitiinliik kriterlerini saglayan optimum

tasarimlar.
Tasarim Degiskenleri Tasarim #1 Tasarim #2
Civata sayisi 58 55
Civata Merkez Konumu [mm] 162.85735 162.95908
r_civata [mm] 4.11854 4.62429
Flang #1 Et Kalinlig: 4.9215 5.059
Flans #2 Et Kalinlig 8.2565 8.565953
u_sol [mm] 0.0334805 0.0370825
y_sag [mm] 0.0254835 0.0243847
F_(on_yukleme) [kN] 2198 2146

Tablo 13: Optimum tasarimlar igin karar degiskenlerinin degerleri.

Karar Degiskenleri Tasarim #1 Tasarim #2
m_flans [kg] 4.0401077 4.1100087
c_delik 1 [MPa] 186.59379 176.12174
o_delik 2 [MPa] 256.53292 244.89435
o_delik 3 [MPa] 215.38409 206.95584

Optimizasyon ¢alismalart sonucunda elde edilen flans tasarimlarinin, baglangi¢ durumuna gore
sundugu iyilestirmeler Tablo.13’te verilmektedir.

‘ Baslangi¢

Son Durum
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Kiitle Von Mises Kiitle Von Mises Hafifletm | Gerilme
[ka] Gerilmeleri [MPa] | [kg] | Gerilmeleri [MPa] | e [%] [%]
Flans | 6.5151 314.2058573 5.993 305.9453333 8.695652 2.7
#1 892 174
Flans | 7.6884 336.9733333 6.360 338.6666667 20.87 -0.5
#2 1983 9
Flans | 4.3268 245.6533333 4.04 219.3333333 7.1 -12
#3 4

Elde edilen sonuglar E3 yiiksek basingh tiirbin modiiliiniin montajli rotor grubu geometrisi baz
alinarak olusturulan jenerik modele gore her li¢ flans bolgesi i¢in de sirastyla %8, %21, ve %7
mertebelerinde kiitle hafifletmesi ve sirasiyla %2.7, -%0.5 ve %12 mertebelerinde gerilmelerin
azalmasi yoniinde iyilestirmeler saglandigin1 gostermektedir.

Sonuc ve Oneriler

Civatali flang baglantilar1, ugak motorlarinda siklikla kullanilan tasarimlardir. Yagisal biitiinliik
kriterlerin gore tasarimlarin yapilabilmesi adina verimli ve yiiksek dogruluklu yontemlerin
gelistirilmesi tasarim faaliyetlerini hizlanmasi ve verimliligin artmasi i¢in elzemdir.

Bu calismada vekil modeller kullanilarak flans baglantilarinin yapisal biitiinliik kriterlerine
uygun tasarlanabilmesi adina ¢ok amacl optimizasyon faaliyetleri gerceklestirilmistir. Elde
edilen sonuglar, dogrusal olmayan temas baglantilarinin ve zamana bagli degisken yiiklerin
mevcut oldugu ucak motoru gibi kompleks yapilarda yapisal biitiinliigiin saglanabilmesi i¢in
vekil model kullannmimin ve ¢ok amagli optimizasyon tekniklerini uygulamanin miimkiin
oldugunu gostermektedir. Baslangi¢c durumuna gore her ti¢ flans bolgesi i¢in de sirasiyla %8,
%21, %7 mertebelerinde hafifletme ve sirasiyla %2.7, -%0.5 ve %12 mertebelerinde
gerilmelerin azalmasi yoniinde iyilestirmeler saglanmistir.

Civatalarda meydana gelen gerilme gevsemelerinin yapisal analiz is akisina dahil edilmesi
yapisal biitiinlik caligmalarinint dogrulugunu artiracak 6nemli bir faaliyettir. Flans
baglantilarinin, montajli rotor modiillerinin rotordinamik karakteristigine etkilerinin mevcut
calismaya dahil edilebilmesi de gelecek calismalar i¢in bir baslangi¢ noktasi olarak
degerlendirilebilir.
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Tirkiye Findik Bahcelerinde Yeni Bir Zararh, Esmer Odun Termiti [Kalotermes flavicollis

(Fabricius, 1793) (Isoptera: Kalotermitidae)]

Mansur ULUCA*

Celal TUNCER?

Kibar AK®

Ismail Oguz OZDEMIR*

Ozet

Termitler, tropikal iklim kusaginda yetisen bazi tarim {irtinlerinde, bitki ortiisiinde ve ahsap
yapilarda 6nemli ekonomik kayiplara neden olan zararlilardir. Bunlardan birisi olan Esmer
odun termiti, Kalotermes flavicollis (Isoptera: Kalotermitidae) zeytin, turunggil, bag ve incirde
olii veya zayif odun dokularinda beslenerek zarar yapan 6nemli bir termit tiiriidiir. Bunun yan1
sira ahsap yapilarda énemli zararlara sebep olmaktadir. Ulkemizde Mugla, Istanbul, Bartin ve
Zonguldak illerinde bulundugu rapor edilmistir. Bu ¢aligma ile Samsun ili findik bahgelerinde
yiiriitiilen siirveyler sonucunda tespit edilen K. flavicollis’in findiktaki zarar durumu ve riskleri
degerlendirilmistir. Ustelik bugiine kadar Tiirkiye’de kiiltiir bitkilerinden sadece zeytinde zarar
yaptig1 tespit edilen bu tiirtin bu ¢alisma ile findiktaki zarari ilk kez rapor edilmektedir. 2022
yil1 Agustos ve Eyliil aylarinda Samsun ili Tekkekdy il¢esinde yapilan gozlemler esnasinda
findik ocaklarmin kok bogazinda tespit edilen yogun termit popiilasyonun verim ¢agindaki
findik dallarinin i¢inde galeriler acarak zarar yaptigi, zayiflayan dallarin kirllmasina veya hizl
bir sekilde kurumasina sebep oldugu belirlenmistir. Termitle bulasik findik ocaklarinin 0-30
cm’lik kismindaki termit yogunlugunun ve 30-90 cm’lik kisimdan daha fazla oldugu;
dolayistyla enfeksiyon baslangicinin kok bogazina yakin kisimdan gerceklestigi gortilmiistiir.
Neticede bolgedeki findik zararli faunasi i¢in yeni bir zararli olan Kalotermes flavicollis’in
bundan sonra yapilacak siirvey ve arastirmalarda degerlendirilmek iizere temel biyolojisi,
konukgulari, yayilis alanlart ve zarar1 agiklanmaistir.
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1. GIRIS

Termitler, ahsap yapilara, bitki Ortiistine ve tarimsal {irlinlere 6nemli derecede zararlar vererek
sebep olduklar1 ekonomik kayiplarla bilinen yaygin bir zararli grubu olup, diinya genelindeki
cografi yayilis1 45 ve 50° kuzey ve gliney enlemleri arasindadir (Paul vd., 2018). Yiiksek bagil
nem oranina sahip tropikal bolgelerde termit popiilasyonlarina hem toprak altinda (hdyiik ve
galerilerde) hem de toprak iistiinde (aga¢ govdelerindeki galeriler) rastlanabilmektedir. Yasam
alanlarina bagh olarak kiiltiir bitkilerinde veya ahsap materyallerde beslenerek yasamini
siirdiirmektedir. Termitler, hem tarimsal hem de tarimsal olmayan ekosistemlerdeki besin
icerigi yiiksek ve diinyadaki en bol organik madde olan seliilozun ayristirilarak karbon
dongiistinde genis Olcekli katkisi olan baslica bocekler arasinda yer almaktadir (Abe ve
Higashi, 2001; Traore” vd., 2015). Zira tropikal ekosistemlerin topraktaki hayvan
biyokiitlesinin %10’unu termitler olusturmaktadir (Van Huis, 2017).

Termitlerin yasam alani kiiltiir bitkileri ya da ahsap yapilar oldugunda direkt olarak zararli
statiisiinde degerlendirilmektedir. ABD’de yer alti termitlerinin neden oldugu tahribat ve
miicadele maliyeti yillik 2 milyar dolara, diinya genelinde ise 40 milyar dolara ulasmaktadir
(Ahmad vd., 2021; Culliney ve Grace 2000). Ulkemizde ise termitlerin kiiltiir bitkilerindeki
zararindan daha ziyade kiiltiir miras1 sayilan tarihi ahsap yapilardaki zararina ve ahsap
sanayisindeki miicadelesine odaklanilmistir (Arpaci ve Tomak, 2020; Kaygin vd., 2011;
Kayahan, 2016).

Isoptera takimi toplam 7 familyadan olusmakla birlikte en fazla zarara sebep olan termitlerin
Rhinotermitidae, Kalotermitidae, Hodotermitidae ve Termitidae familyalarina ait oldugu
bildirilmistir. Su ana kadar tespit edilen 2500 termit tiirlinden yaklasik 300 tiirliniin zararl
oldugu tespit edilmistir. Hindistan’da bilinen 337 termit tiiriinden 35’inin ahsap yapilara ve
tarimsal Uriinlere zarar verdigi tespit edilmistir (Paul vd., 2018). Dolayis1 ile spesifik iklim
kusaklarindaki zararl termitlerde bolgeye 6zellesen tiirler bulunmakta veya belli tiirlerin zarari
one ¢ikmaktadir. Avrupa’nin giineyinde ve Tiirkiye’de ise Kalotermes flavicollis (Fabricius,
1793) (Isoptera, Kalotermitidae) ve Reticulitermes spp. (Isoptera: Rhinotermitidae) yaygin
termit tiirleridir (Austin vd., 2002; Clément vd 2001; Lodos 1989; Lépez vd., 2000). Zonguldak
ile Bartin’da K. flavicollis ve R. lucifugus’in ahsap yapilardaki ve depolardaki yogun
popiilasyonu ve buna bagli olarak olusan zarar durumu ele alinmistir. Arastirmada bu tiirlerin
Orta ve Bat1 Karadeniz bolgesine dogru yayildigi belirlenmistir (Kaygin vd., 2011). Fakat her
gecen yil popiilasyonun yayildigi tespit edilen bu tiirlerin {ilkemizde zeytin bahgeleri disinda
kiiltiir bitkilerinde zararli olup olmadigina yonelik bir calisma bulunmamaktadir (Bozbuga ve
Elekgioglu, 2008).

Bu c¢alisma, Samsun’un Tekkekdy il¢esinde verim cagindaki findik ocaklarinda yogun
miktarda saptanan K. flavicollis’in tespiti ile findik bahgelerindeki termit varligi ve zararina
iligkin ilk kayit niteligi tagimaktadir. Dolayisi ile bu termit tiiriiniin sonraki yillarda bolgedeki
findik bahgelerinde yayilma riskine binaen yayilisi, konukgulart ve zarar potansiyeli
irdelenmistir.

2. MATERYAL VE METOT

Samsun {linin Tekkekdy ilgesinde (41°10'9.55"K: 36°33'8.53"D), 2022 yilinin Agustos ve
Eyliil aylarinda yapilan surveyde gozle inceleme metoduyla 12 dekarlik bir findik bahgesinde
termit populasyonu tespit edilmistir. Yapilan inceleme sonucunda; 23 Agustos 2022 tarihinde
calisma yapilan alanin 6 farkli noktasindan bulasik oldugundan siiphelenilen ocaklardan
secilen dallar kok bogazina yakin noktalardan budama testeresiyle kesilerek ortadan ikiye
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yarilmig ve alinan termit numuneleri teshis i¢in %95’lik alkol tiiplerde muhafaza edilmistir.
Numuneler, Bartin Universitesi, Orman Fakiiltesi’ne gonderilerek tiir teshisi yapilmistir.
Numunelerin fotograflari ise OLYMPUS SZ61 stereomikroskop ile tarafimizca ¢ekilmistir.
29 Agustos 2022 tarthinde de termit bulasikliginin kapsamini belirlemek icin ilk tespitin
yapildig1 bahgeye komsu findik bahgelerinde de gozlem ve incelemeler yapilmastir.

3. BULGULAR VE TARTISMA

Yapilan ¢alisma sonucunda 15 yasinda Palaz ¢esidi bir findik bahgesinde tespit edilen termit
tirtiniin Kalotermes flavicollis (Fabricius) (Isoptera, Kalotermitidae) oldugu belirlenmistir. Bu
termit tlirtiniin Samsun’da ve findik bahgelerindeki varlig1 bu ¢alismayla ilk defa kayit altina
alimmustir (Sekil 1a ve b).

Sekil 1. Kalotermes flavicollis 'nin kanatl ergininin (alate kasti) dorsalden goriiniisii (a),
ventralden gériintisii (b)

Gozlem sonuglarina gore findik ocaklarindaki dallarin kok bogazi ve orta kisminda galerilerde
cok sayida K. flavicollis ergini ve nimfi tespit edilmistir. Nimf ve erginlerin beslenmesi
sonucunda olusan bu galerilerin kok bogazina yakin olanlar1 birbiriyle birleserek 2 cm
genislige ulasarak dallan zayiflatmakta; hafif bir darbe ile kirilmalarina neden olmaktadir

(Sekil 2a, b, c).

N N ) - >
. & . = »
, ~ <
[ S

Sekil 2. Termitlerin beslenmesi sonucunda kirilan findik dallar: (a,b,c)
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Nitekim riizgar sebebiyle devrilen kalin dallar sayesinde bahgedeki termitler fark edilmistir. K.
flavicollis’in findik bahgesindeki yogun bulasma sonucunda ozellikle kok bogazina yakin
kisimdaki (0-30 cm) odun dokusunun biiyiik oranda zarar yaptigi tespit edilmistir (Sekil 3a).

Sekil 3. Termitlerin findik ocaginin kék bogazindaki zarart ve kolonisi (a), dallarin igindeki
genis galeriler (b), kambiyumdaki zarar (c)

Bu noktada beslenme sonucunca birleserek cap1 2 cm’yi asan uzun galerilerin bitkide hizli bir
olime yol actig1 belirlenmistir (Sekil 3b). Galerilerin sayis1 ve ¢api, findik dallarinin st
kisimlarina (30-90 cm) dogru azalmaktadir. Kambiyumdaki beslenme sonucunda olusan galeri
ve talagimsi beslenme artiklari sonucunda olusan clirlimeyle agag kabugunun odun dokusundan
kolayca ayrildig: tespit edilmistir (Sekil 3c). Dolayisi ile K. flavicollis findik dallarinin farkli
katmanlarinda beslenebildigi belirlenmistir.

Termitle bulasik olan s6z konusu findik bahgesine komsu findik bahgelerinde yapilan
gozlemlerde ise herhangi bir termit populasyonuna rastlanmamistir. Dolayisiyla mevcut
durumda bulasikliginin kismi bir alanda kaldig1 goriilmektedir.

3.1. Esmer Odun Termiti, Kalotermes flavicollis (Fabricius, 1793) (Isoptera,
Kalotermitidae)

3.1.1. Tanim ve Biyolojisi

Kalotermes flavicollis ilk kez 1793 yilinda Fabricius tarafindan tamimlanarak sari renkli
pronotumu sebebiyle flavi (sar1), collis (boyun) seklinde isimlendirilmistir. Yetigkinler 8-10
mm boylarinda, zarimsi1 yapidaki kanatlar1 yaklagik 10 mm uzunlugundadir. Prothorax silindir
seklinde olan bu tiirlin bireylerinin genel renkleri a¢ik sar1 ve kahverengidir. Agiz yapist 1sirici
cigneyici, antenleri monoliform tipindedir. Kolonide sadece kralice ve askerler bulunup isci
termitler yoktur (Ferreira vd., 2013; Lodos 1989)

Kis doneminde koloninin beslenme ve yumurta birakma faaliyetleri durdugundan yeni galeriler
acilmaz. Mayis ayinin sonundan itibaren aktif hale gelmeye baslayan koloni iki hafta sonra ilk
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nimflerini olusturmaya baslar. Kiglayan nimfler temmuz ayinda kanatli bireyler olarak koloniyi
terk ederek baska yerlerde ciftleserek yeni alanlarda yeni popiilasyonlar olusturur. Bu
erginlerin ucus periyodu temmuz ayindan ekim sonuna, bazi iilkelerde kasim sonuna kadar
devam etmektedir. Koloniyi olusturan ilk erkek ve disi birey ilk 3 yil bagirsaklarindaki
simbiyotik protozoanlar sayesinde bulundugu noktadaki odun dokusuyla beslenmektedir. Bu
donemde bir disi 12 adetlik ilk yumurta kiimesini biraktiktan sonra 10 giinliik dinlenme
evresine girer. Daha sonra bu birincil kralice termit, yumurta birakma kapasitesini arttirarak
koloniyi genisletmeye devam etmektedir. Dolayisiyla 1000-1500 bireyden olusan bir koloninin
olusmasi yillar siirebilir (Lodos 1989; Lopez vd., 2003).

3.1.2. Yayihisi, Konukcgular: ve Zarari

Kalotermes flavicollis’in genel olarak Portekiz, Ispanya, italya, Fransa, Israil, Liibnan, Libya,
Tunus, Cezayir, Fas ve Balkanlarin yiiksek nemli bolgelerinde yayilim gosterdigi
kaydedilmistir. Zeytin, Turuncgil, Incir, bag gibi gesitli bitkilerin 6lii, zay1f veya hastalikli odun
dokularinda zarar1 bilinmekle birlikte Ispanya, Giiney Fransa ve italya’da baglardaki zararinin
olduk¢a fazla oldugu bildirilmektedir. Ozellikle ispanya baglarinda 6nde gelen zararlilar
arasinda yer almaktadir. Israil’de ise ¢inar agaclarimn ana zararlilari arasindadir. Bunun yani
sira ahsap tarihi yapilardaki zarariyla da 6ne ¢ikmaktadir (Halperin, 1990; Lodos, 1989; Lopez
vd 2000; Maistrello vd 2010).

Erginleri asmalarda budama yaralarindan giris yaparak koloni olusturmakta ve zaman iginde
galerilerini genisleterek bitkinin dliimiine neden olmaktadir (Grassé, 1984; Lopez vd., 2006).
Ozellikle yash asmalarin odun dokusundaki enfeksiyon diizeyi %50’yi asabilmektedir (Lopez,
1997).

Bu ¢alismada K. flavicollis ile bulasik olan findik bahgesi yash bir bahge olmamakla birlikte
40 yasin istiindeki bir bahgesinin kok siirgilinleriyle genglestirilmesi sonucu olusturulmus bir
plantasyondadir. Dolayisiyla findik ocaklarinin yash koék bogazinda yogunlasan termit
enfeksiyonlari ile dolayli bir iligkisi olabilecegi diisiiniilmektedir. Findik bahgesindeki termit
saldirisina ugrayan bazi ocaklardaki dalkiran zararmmin termitlerin ilk giris noktalarim
olusturma ihtimali, zayif dallarin hedef haline gelebilecegi gostermektedir. Bunun yani sira;
findik bahgesinin nispeten bakimsiz ve kuru tarim yapilan bir bahge olmasi, termitlerin bahgeye
bulagsmasinin bir diger bir nedeni de olabilir. Zira kurak mevsimlerde nem stresinin arttigi
donemlerde ozellikle kuru tarim yapilan zayif bitkiler termit istilasina daha duyarli hale
gelebilmektedir (Paul vd., 2018).

K. flavicollis’in iilkemizde genelde ahsap yapilar, odun depolar1 gibi 6lii odun dokularina
bulastig1 géz oniine alinirsa meskenlerle i¢i i¢e olan bakimsiz findik bahgelerinin dolayli olarak
risk altinda oldugu da sdylenebilir.

4. SONUC

Bu ¢alisma ile ahsap yapilarin ve bazi tarimsal tiriinlerin 6nemli bir zararlis1 olan Kalotermes
flavicollis’in findik bahgelerinde zarar olusturdugu ilk kez kaydedilmistir. Ustelik bu tespitin
Samsun’da yapilmasi, zararlinin Orta Karadeniz Bolgesindeki yayilis alanlarini genislettigine
dair de giincel bir kayit niteligi tasimaktadir. Fakat bolgedeki findik bahgelerinde halihazirda
Dalkiran, Xyleborus dispar ve Xylosandrus germanus (Coleoptera: Curculionidae); Daldelen,
Xyleborinus saxesenii, (Col.: Curculionidae); Teke bocegi, Oberea linearis, (Col.:
Cerambycidae); Mayis bocegi, Melolontha melolontha ve M. pectoralis, (Col.: Scarabeidae)]
gibi kok ve odun dokusu zararlilar ile entegre miicadelenin belli zorluklarla siirdiiriildiigii goz
oniline alinirsa zararli faunasina termitler gibi istilact bir odun dokusu zararlisinin eklenmesi
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findik tarimi agisindan bir risk teskil etmektedir. Dolayisiyla iilkemizde yayildigir noktalarda
genellikle meskenlerde agir tahribata neden olan bu termit tiirliniin verim dénemindeki findik
ocaklarina bulagsmasinin tetikleyen muhtemel sebepleri arastirilmalidir.

Sonug olarak hususi ve ticari tasimacilik faaliyetlerinin arttig1 ve iklim faktdriiniin belirgin hale
geldigi glinlimiizde, tarimsal havzalara yeni zararlilarin bulasmasi ve yayilmast hizli bir sekilde
gerceklesebilmektedir. Bu baglamda onceki yillarda daha ¢ok Akdeniz iklim kusaginda
goriilen K. flavicollis’in Karadeniz Boélgesinde de goriilmeye baslamasi anlagilir hale
gelmektedir. Dolayisiyla {lilkemiz icin stratejik bir dnemi olan findikta hastalik ve zararli
surveylerinin devamli yapilarak olas1 bir risk durumunda gereken miidahalenin (eradikasyon,
kimyasal miicadele vb.) hizlica yapilmasi, iklim degisikligine bagl olarak istilac1 zararlilara
uygun hale gelen yeni ekolojik havzalarin 6nceden belirlenmesi 6nem arz etmektedir.
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Tiirkiye ve Orta Asya Ulkelerinin Arasindaki Ticarete Dair Gelecege Yonelik Tahminler

Meretbibi SARBASHE VA
Mustata GURSOY?

Ozet

Bir iilkenin kalkinabilmesi i¢in diger iilkeler ile siyasi ve ticari iliskilerinin kuvvetli olmasi
gereklidir. Orta Asya ile Tiirkiye iliskisi hepimizin bildigi gibi kardeslik boyutundadir. Bunun
nedeni bu iilkelerin ana omurgasini olusturan milletlerin ayn1 soydan gelen boylardan
olmasidir. Dogal kaynaklar bakimindan olduk¢a zengin olan bu iilkeler konum ag¢isindan da
diinya ticaretinin kavsagidir. Diinya ticaretini merkezlerden biri olan Cin Halk
Cumhuriyeti’nin Dogu Asya’da bulunmasi bu durumun ana nedenidir. Orta Asya ve
Tiirkiye’nin Tarihi Ipek Yolu koridoru iizerinde olmasi, dis ticaretin biiyiimesine ve Avrupa
iilkeleri ile ticari ve siyasi iligkilerin giiglenmesine sebep olmustur. Orta Asya iilkeleri ve
Tiirkiye’ nin halen biiyiik ticaret koridorlari iizerinde olmasi bu tilkelerin ticari ve siyasi iliskiler
icin giivenilir ortaklar olmasi anlamina da gelir. Cin’in baslatmis oldugu Kusak ve Yol Girigimi
(BRI) ve Cin Ekspres Demiryolu (CR Express) koridorlarinda Orta Asya ve Tlirkiye giizergahi
kullanilmas bu tilkelerin dis ticaretinde biiylime olanagi sunacaktir.

Bu calismanin amaci, Tiirkiye ve Orta Asya iilkelerinin birbirleriyle yaptigi ithalat ve
ihracatinin analizi ve gelecege yonelik tahminler yapmaktir. T.C Ticaret Bakanligina gore
belitlenen Orta Asya iilkeleri, Azerbaycan, Giircistan, Kazakistan, Tiirkmenistan, Ozbekistan,
Tacikistan ve Kirgizistan’dir. Tiirkiye ile beraber bu sekiz iilkenin 2010 yilindan itibaren 2021
yilina kadar olan siirede birbirleriyle yapmis oldugu ticarete dair veriler kullanilmigtir. Temel
veri kaynagi olarak, “The Observatory of Economic Complexity” sitesi esas alinmustir.

Anahtar Kelimeler: Dis Ticaret, Uluslararas: Yiik Tastmaciligi, Ticari iliskiler, Orta Asya ve
Tiirkiye Ticareti, Ticaret Analizi
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GIRIS

Sovyet Sosyalist Cumhuriyetler Birligi (SSCB) 1922 yilinda kurulup ve varligint 1991 yilina
kadar siirdiiriirken Orta Asya iilkeleri de bu birligin pargast olmustur. Bagimsizligin1 1991
yilinda ilan ederek Orta Asya iilkeleri ozgiir birer devlet olurken, diger devletler ile sosyal,
siyasal ve ticari iliskileri 6zerk bir devlet olarak yeniden olusturmak mecburiyetinde
kalmiglardir. Bu iilkelerin bagimsizligini taniyan ilk devlet Tiirkiye’dir ve bu tarihten itibaren
Orta Asya lilkeleriyle iligkileri bugiine kadar kesintisiz bir sekilde devam etmektedir. Kendi
kendini yonetme yetkisini kazanmakla birlikte bu iilkeler, ekonomik giiclenme, dis iligkiler ile
siyasi biliylime, sanayilesme gibi iilkenin kalkinmasini etkileyen zorluklar1 ile karsi karsiya
kalmiglardir. Orta Asya iilkelerinin dogal kaynak bollugu dis ticaretlerinde hareketliligin
olusmasinin ana nedenlerinden biridir.

Hazar denizi kiy1 tilkelerinden Azerbaycan ile Kazakistan’in sosyal ve siyasal iliskisi SSCB
donemi oncesine dayanmaktadir. Konum itibariyle de bu iki devletin dis ticarette birbirleriyle
iliskisi olduk¢a kuvvetlidir. Azerbaycan’in Cin ile gerceklestirdigi ticaret iliskisinde
Kazakistan koprii gorevi goriirken, Kazakistan’in Tiirkiye ve Avrupa iilkeleriyle yaptig
ticaretin rotasinda Azerbaycan gilizergdhi tercih edilmektedir. Bu baglamda her iki {ilke de
Hazar denizi kiy1 iilkeleri olarak ticaret iliskilerinde Avrupa ve Asya’y1 baglama gorevini
yerine getirmektedir.

Azerbaycan’in diger sinir iilkesi olan Giircistan ile ticareti kolaylagtirmak ve tesvik etmek
amactyla diplomatik iliskileri gili¢clendirmektedir. Hazar Denizi kiyr iilkeleriyle ticari
baglantilarin1 olusturmada Giircistan Azerbaycan giizergdhi kullanmaktadir. Giircistan’in
Tiirkiye ile de sinir iilke olmasi, Azerbaycan ile Tiirkiye dis ticaretinde baglant1 noktasi
olmasimi saglarken ayni zamanda kendi ticaretini de biiyiitme olanagini sunmaktadir. 2017
yilinda agilan Kars-Tiflis-Bakii demiryolu hatt1 bu ii¢ tilkenin turizm ve lojistik agidan simdilik
en biiytk is birligi noktasidir. Bu demiryolu hatt1 Cin Demiryolu Ekspresi koridorunun da bir
pargasi olacaktir. Ayrica “21. Yizyilin Projesi” olarak nitelendirilen Bakii-Tiflis-Ceyhan
Petrol Boru Hatti, Azerbaycan’da ¢ikarilan ham petroliin Ceyhan Terminali’ne ulastirilarak,
tankerlerle Tiirkiye’nin ve dlinyanin ¢esitli bolgelerine ulagtirilmasini saglamaktadir. Bu hattan
ilk tanker yiiklemesi 2006 yilinda yapilmistir. Buna benzer Giircistan, Azerbaycan ve Tiirkiye
ti¢ tilke olarak anlastig1 diger proje de 113 kilometre uzunlugunda Bakii-Tiflis-Erzurum Dogal
Gaz Boru Hattidir (www.botas.gov.tr, erisim yil1 2023).

Bagimsiz iilke olarak Azerbaycan’in 1992 yilinda toplam ihracat miktar1 1.483.973.000 ABD
dolar1 iken Kazakistan’a ihracat miktar1 38.728.000 ABD dolar1, Tiirkiye’ye ihracat degeri
125.617.000 ABD dolar1 ve Giircistan’a ihracat degeri 61.150.000 ABD dolar1 olmustur. Dig
alimda ise toplam deger 939.865.000 ABD dolar1 olmustur. Kazakistan’dan ithal edilen toplam
degeri 42.534.000 ABD dolan iken Tiirkiye’den ithal edilen toplam emtia degeri 87.107.000
ABD dolar1 olmugtur. Ayrica Giircistan’dan ithal edilen toplam mal degeri 18.400.000 ABD
dolar1 olmustur (www.stat.qov.az, erisim yil1 2023).

Bagimsiz bir devlet olduktan sonra Kazakistan’in 1995 yilinda dis ticarette yaptigi toplam
ihracat1 5.226.721.870 ABD dolar ve Tiirkiye, Giircistan ve Azerbaycan’a ihraci sirasiyla,
70.437.270 ABD dolar1, 255.490 ABD dolari, 23.113.860 ABD dolar1 olmustur. Ayni y1l i¢in
Kazakistan’in toplam ithalat biiyiikliigii 3.805.116.960 ABD dolar1 iken Tiirkiye, Giircistan ve
Azerbaycan’dan ithalat degerleri sirasiyla, 123.463.300 ABD dolari, 2.201.590 ABD dolari,
25.240.850 ABD dolart olmustur (WITS, erisim yil1 2023).

Kendi kendini yonetmeye baglayan Giircistan’in 1996 yilinda diger iilkelere ihrag ettigi
mallarinin degeri 198.765.520 ABD dolari iken toplam navlun ithalati ise 686.782.720 ABD
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dolar1 olmustur. Aynmi yilda Tiirkiye’ye yapmis oldugu ile ihracat degeri 25.894.610 ABD
dolar1 ve karsiliginda ithalat degeri ise 76.588.880 ABD dolar1 olmustur. Giircistan’in 1996
yilinda Azerbaycan ve Kazakistan’a yaptig1 dis satimda ise degerler sirasiyla, 24.344.360 ABD
dolar ve 2.420.080 ABD dolar1 olmusken, Azerbaycan’dan yapilan mal ithalat1 78.701.860
ABD dolari, Kazakistan’dan yapilan mal ithalat1 816.030 ABD dolar1 degerindedir (WITS,
erisim yil1 2023).

Hem konumu itibariyle hem de {iretim sektoriinde basarili olmasiyla Tiirkiye’nin, bat1 ve dogu
iilkeleriyle diplomatik iligkileri kuvvetlidir. Diinya ticaretinde kendini tanitan iilke olmas1 yani
sira Tiirkiye, batt ve dogu iilkelerinin ticari iliskilerinde birbirlerini baglayan bir gecis
giizergahidir. Sovyetler Birligi dagildiktan sonraki 1993 yilinda Tiirkiye’nin toplam ihracati
15.348.913.150 ABD dolari, toplam ithalat1 ise 29.429.301.250 ABD dolar1 olup ticaret
dengesi -14.080.388.100 ABD dolar1 olmustur. Azerbaycan ile yaptig1 dis ticaretinde ihracati
68.175.120 ABD dolar iken, ithalati1 ise 33.936.450 ABD dolar1 olmustur. Kazakistan ile
thracat1 67.803.930 ABD dolar1 olan Tiirkiye’nin Kazakistan’dan iiriin ithalat1 43.740.710
ABD dolar1 degerinde olmustur. Ayni y1l i¢in Tiirkiye’nin Giircistan ile yapmis oldugu ticari
iligkisinde dis satim degeri 34.492.910 ABD dolari, dis alim degeri ise 21.893.940 ABD dolar
olmustur. Giircistan, Kazakistan ve Azerbaycan’in jeostratejik konumlariyla enerji ve lojistik
yollarin merkezinde yer olmasi Tiirkiye'nin ise hem bati hem de dogu iilkeleriyle siyasi
iliskilerinin kuvvetli olmasi, bu iilkelerin birbirleriyle yaptig1 ticaret ve siyasi iligkilerinde her
iilke i¢in avantaj saglamaktadir.

Bu ¢alismada Tiirkiye ve Orta Asya iilkeleri arasindaki 2010 yilindan 2021 yilina kadar olan
stirede gergeklestirilen dis ticaretine dair analizler ve gelecege yonelik tahminler yapilmustir.
Siire ve dar kapsamdan dolay1 bu ¢alismada Orta Asya tilkelerinden Azerbaycan, Kazakistan
ve Giircistan Ornekleri ve verileri gosterilmistir. Dort lilkenin yani Tiirkiye, Azerbaycan,
Kazakistan ve Giircistan verileri elde edildikten sonra Excel programi kullanarak tablolar,
ticaret matrisi ve grafikler olusturulmustur.

YONTEM

Sovyetler Birligi’'nin dagilmasindan hemen onceki sene ele alindiginda, yani 1990 yilinda
Tiirkiye’nin niifusu 54.324.142 kisi iken, Kazakistan’in niifusu 16.348.000 kisi, Azerbaycan’in
niifusu 7.175.200 kisi, Giircistan’in niifusu ise 4.802.000 kisi olmustur. Tiirkiye’nin niifusu
kademeli ve hizli bir sekilde artarak 2022 yilinda 85.341.241 kisi olurken, Kazakistan’in 2022
yilinda %20 artisla 19.621.972 kisi, Azerbaycan %41,8 artisiyla 10.175.016 kisi, Giircistan ise
%22,7 azaligla 3.712.502 niifusa erigmistir. Sekil 1’de gortildiigii gibi Tiirkiye hari¢ diger ti¢
iilkenin niifus artis1 hizinin fazla olmadigi asikardir.
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Sekil 1. Tiirkiye, Giircistan, Azerbaycan, Kazakistan in 1990-2022 yillar arasinda niifus
sayist (www.worldbank.org, erisim yili 2023).

Dért iilkenin GSYIH degerinin 1990-2022 yillar1 arasinda degisimini sekil 2°de goriildiigii gibi
Azerbaycan, Kazakistan ve Giircistan’in 2000°1i yillarin baslarinda artis yagsanmaya baslandigi
aciktir. Fakat Giircistan’in degerleri ¢ok yiiksek olmamakla birlikte artiglarinda da pek fazla
yiikselme goriilmemektedir. 1990 yili ele alindiginda GSYIH degeri Tiirkiye igin 150,68
Milyar ABD dolar1, Kazakistan igin bu deger 26,93 Milyar ABD dolari, Azerbaycan igin 8,86
Milyar ABD dolari1 ve Giircistan i¢in bu degerin 7.75 Milyar ABD dolar1 olmustur. Tiirkiye’ nin
ise 2013-2014 yillarinda tavan yaptigi aciktir. En yakin zaman olan 2022 senesine bakildiginda
son bes yila nazaran artis gostererek Tiirkiye nin GSYIH degeri 905,99 Milyar ABD dolari,
Kazakistan i¢in ise bu deger 220,62 Milyar ABD dolar1 iken Azerbaycan icin 78,72 Milyar
ABD dolar1 olmustur. Giircistan’mn GSYIH degeri de 24,61 Milyar ABD dolar1 olmustur.
Boylece 1990 yilindan 2022 yilina kadar siirede GSYIH biiyiime orami Tiirkiye i¢in %83,4
olup, Kazakistan igin %719°dir. Azerbaycan’in GSYIH yillik biiyiime oran1 %788,5 iken,
Gircistan i¢in bu oran %217,5’dir (Diinya Bankasi, 2023).
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Sekil 2. Tiirkive, Kazakistan, Azerbaycan ve Giircistan in GSYIH Milyar AB dolari bazinda
degeri (Diinya Bankasi, erigim yili 2023)

Ulkelerin Yillik Toplam ithalat ve ihracat Miktar

2010 yilinda ihracat pazarina niifuz etme endeksi' 20,63, diinya ticaretinde biiyiime oran1 %
9,74 olan Tiirkiye, 2010 yilinda yapmis oldugu toplam ihracat1 113.883.219,18 bin ABD dolar1
iken, toplam ithalati 185.544.331,9 bin ABD dolar1 olmustur. 2021 yil1 i¢in ihracat pazarina
niifuz etme endeksi 27,66 iken, diinya pazarinda biiylime orami ise %12,59 degerlerine sahip
olan Tiirkiye, ayni yil i¢in toplam ihracat ve ithalat1 sirastyla 225.214.458 Bin ABD dolari,
271.425.552 Bin ABD dolar1 olmustur (WITS; 2023).

2010 yilinda Azerbaycan’in ihracat pazarina niifuz etme endeksi 1,56 ve diinya pazarinda
biliylimesi %9,74 olmustur. Giircistan i¢in bu degerler 2,21 ve %9,74 iken, Kazakistan’in
ithracat pazarina niifuz etme endeksi 1,98 ve diinya pazarinda biiyiime oran1 %9,74 olmustur.
2021 yil1 igin Azerbaycan, Giircistan ve Kazakistan’in ihracat pazarina niifuz etme endeksi ve
diinya ticaretinde biiylime orani sirasiyla, 1,93 ve %12,59; 3,44 ve %12,59; 2,78 ve %12,59
olmustur (WITS, 2023). Azerbaycan’in 2010 yili ticaretindeki toplam ihracat1 21,3 Milyar
ABD dolar1, Giircistan’in toplam ihracat degeri ise 1,7 Milyar ABD dolar1 ve Kazakistan’in
toplam ihracat degeri 57,2 Milyar ABD dolar1 olustur. Bu iilkelerin 2010 yilindaki toplam
ithalat1 ise Azerbaycan i¢in 6,6 Milyar ABD dolar1, Giircistan i¢in 5,2 Milyar ABD dolar1 ve
Kazakistan icin 24,0 Milyar ABD dolart olmustur. 2010-2021 yillarinda bu iilkelerin dis
ticaretteki toplam ihracat degeri tablo 1’°de ve toplam ithalat degerleri tablo 2°de gosterilmistir.

Tablo 1 — Incelenen Dért Ulkenin Diinya Ticaretinde 2010-2021 Yillarindaki Toplam Ihracat
Rakamlari (Milyar ABD Dolari).

! Raportoriin belirli bir {iriinii ihrag ettigi {ilke sayisinin, o y1l iiriinii ithal ettigini bildiren {ilke sayisina béliinmesiyle
hesaplanir. (Kaynak: WITS - UNSD Comtrade, erigim yilt 2023).
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2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

TURKIYE 1139 | 1349 | 1525 | 1615 | 166,5 | 151,0 | 149,2 | 1645 | 177,2 | 180,8 | 169,7 | 225,2

AZERBAYCAN | 21,3 26,5 238 | 239 218 | 126 | 13,4 | 153 |195 | 196 | 13,7 | 222

GURCISTAN 1,7 2,2 24 2,9 2,9 2,2 2,1 2,7 3,4 38 3,3 4,2

KAZAKISTAN | 572 88,1 92,3 | 84,7 795 | 460 | 368 | 485 |611 |581 |475 | 603

Tablo 2 — Incelenen Dért Ulkenin Diinya Ticaretinde 2010-2021 Yillarindaki Toplam Ithalat
Rakamlar: (Milyar ABD dolar).

2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

TURKIYE 1855 | 2408 | 236,55 | 2608 | 251,1 | 213,6 | 202,2 | 238,7 | 231,2 | 2103 | 2195 | 2714

AZERBAYCAN | 6,6 9,7 9,6 108 | 9,2 9,2 8,5 8,8 11,5 136 | 10,7 | 11,7

GURCISTAN 52 7,1 8,1 8,0 8,6 7,3 7,3 8,1 9,4 9,5 8,1 10,1

KAZAKISTAN | 24,0 38,0 | 445 |488 |413 30,6 25,2 29,6 33,3 39,7 | 389 | 414

Tiirkiye’nin 2010-2021 yillarinda yaptig1 ihracatina bakildiginda Azerbaycan’a digsatimi
Giircistan ve Kazakistan’dan daha fazla olmustur. Azerbaycan’a toplam ihracat miktari
40.627.228,76 Bin ABD dolar1, Giircistan’a toplam ihracat miktar1 16.228.521,78 Bin ABD
dolar1 ve Kazakistan’a toplam ihracat1 11.478.870,43 Bin ABD dolar1 olmustur. Azerbaycan’a
thracatin en yiiksek degere ulastig1 seneler 2013-2014 yillari olurken, Giircistan’a ihracatin en
yiiksek biiyiikliige ulastig1 seneler 2014 ve 2021 yili olmustur. Ayn1 zamanda Tiirkiye’nin bu
seneler zarfinda Kazakistan’a ihracatinda en yiiksek degere ulastig1 seneler de 2014 ve 2021
yil1 olmustur.

2010 y1lindan 2021 yilina kadar olan siirede Azerbaycan’in Tiirkiye, Giircistan ve Kazakistan’a
ihracatinda en yiiksek pay Tiirkiye olmustur. Azerbaycan’in Tiirkiye’ye toplam ihracati
16.416.415,6 Bin ABD dolari, Giircistan’a toplam ihracat1 6.174.471,84 Bin ABD dolari,
Kazakistan’a toplam ihracati 464.757,6 Bin ABD dolar1 olmustur. Tiirkiye’ye ihracatinin en
yuksek degere ulastigi y1l 2019 olmustur. Giircistan’a digsatim degerinin en yliksek oldugu yil
2021 olurken, Kazakistan i¢in bu deger 2013 yil1 olmustur.

Giircistan’in 2010-2021 yillar1 arasinda yaptig1 toplam ihracatinda Azerbaycan’a ihracati,
Tiirkiye ve Kazakistan’a yaptigindan daha fazla olmustur. Giircistan Azerbaycan’a toplam
ihracat1 5.219.303,4 Bin ABD dolarn, Tiirkiye’ye toplam ihracat1 2.495.738,59 Bin ABD dolari,
Kazakistan’a toplam ihracat1 ise 899.406,12 Bin ABD dolar1 olmustur. 2013 yilindaki
Azerbaycan ve Kazakistan’a ihracati en yiiksek degere ulasan sene olurken, Tiirkiye’ye
ihracatin en yiiksek deger oldugu sene 2021 olmustur.

Kazakistan’in Azerbaycan’a 2010-2021 yillarinda yaptig1 toplam ihracat1 2.537.754,95 Bin
ABD dolari, Giircistan’a toplam ihracat1 632.918,05 Bin ABD dolar1 ve Tiirkiye’ye toplam
ithracat1i 23.833.181,6 Bin ABD dolar1 olmustur. Kazakistan’in Tirkiye ve Giircistan’a
ihracatinda en yliksek degere ulasilan sene 2012 olurken, Azerbaycan’a ihracatinda en yiiksek
pay alan sene 2020 yili olmustur (Tablo 3).
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Tablo 3 — Azerbaycan-Tiirkiye-Kazakistan-Giircistan ticaretindeki 2010-2021 yillar
arasindaki toplam ithalat ve ihracat matrisi (Deger: Bin ABD Dolary) (WITS, 2023).

ITHALAT

iHRACAT AZ TR GE Kz
AZ 0 16.416.415,55 6.174.471,84 464.757,60
TR 40.627.228,76 0 16.228.521,78 11.478.870,43
GE 5.219.303,40 2.495.738,59 0 899.406,12
Kz 2.537.754,95 632.918,05 23.833.181,57 0

TURKIYE'NIN iIHRACATI
18,000,000.00
16,000,000.00
14,000,000.00
12,000,000.00

10,000,000.00

(BIN ABD $)

8,000,000.00

6,000,000.00

DEGER

4,000,000.00

2,000,000.00

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
YILLAR

W Azerbeycan M Giircistan Kazakistan

Sekil 3. Tiirkiye 'nin Azerbaycan, Giircistan, Kazakistan’a 2010-2021 yillar: arasindaki
ihracati (WITS, 2023).
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Sekil 4. Azerbaycan in Tiirkiye, Giircistan, Kazakistan’a 2010-2021 yillar: arasindaki
ihracati (WITS, 2023).
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Sekil 5. Giircistan in Azerbaycan, Tiirkiye, Kazakistan’a 2010-2021 yillar: arasindaki
ihracati (WITS, 2023).
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KAZAKISTAN'IN IHRACATI
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Sekil 6. Kazakistan'in Azerbaycan, Giircistan, Tiirkiye’ye 2010-2021 yillari arasindaki
ihracatt (WITS, 2023).

Tiirkiye’nin 2010-2021 yillarinda yaptigi Azerbaycan’dan toplam ithalat1 5.000.709,57 Bin
ABD dolar1 olup, Giircistan’dan toplam ithalat1 3.374.837,80 Bin ABD dolar1 ve
Kazakistan’dan toplam ithalati ise 17.947.544,15 Bin ABD dolar1 olmustur. Yillara gore
degisimi sekil 7°de gosterilmistir.

TURKIYE'NIN ITHALATI
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Sekil 7. Tiirkiye 'nin 2010-2021 yillarindaki Azerbaycan, Giircistan, Kazakistan 'dan ithalati
(WITS, 2023).

3"International Congress on Multidisciplinary Natural Sciences ICOMNAS-2023), Dec 07-08 2023 I
Ankara / TURKEY | 140



3"International

Congress on Multidisciplinary Natural Sciences
ISBN: 978-625-6488-58-8

Azerbaycan’in Giircistan’dan 2010-2021 yillarindaki toplam ithalat1 1.031.737,17 Bin ABD
dolari, Tiirkiye’den ithale ettigi toplam {iiriin miktar1 16.601.432,11 Bin ABD dolari,
Kazakistan’dan toplam ithalati ise 2.275.844,33 Bin ABD dolar1 olmustur (Sekil 8).
Giircistan’in 2010-2021 yillarinda Azerbaycan’dan toplam ithalat1 5.938.624,35 Bin ABD
dolar1 iken, Tiirkiye’den toplam ithalati 17.157.116,34 Bin ABD dolar1 ve Kazakistan’dan
toplam ithalat degeri ise 604.188,96 Bin ABD dolar1 olmustur (S$ekil 9).

Kazakistan’in 2010-2021 yillarinda Azerbaycan’dan toplam ithalat degeri 525.239,18 Bin
ABD dolar1, Tiirkiye’den toplam ithalat degeri ise 9.715.083,28 Bin ABD dolar1 ve
Gircistan’dan toplam ithalat1 504.034,26 Bin ABD dolar1 olmustur (Sekil 10).

AZERBAYCAN'IN iTHALATI
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Sekil 8. Azerbaycan’in 2010-2021 yillarindaki Tiirkiye, Giircistan, Kazakistan dan ithalati
(WITS, 2023).
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Sekil 9. Giircistanin 2010-2021 yillart arasindaki Azerbaycan, Tiirkiye, Kazakistan dan
ithalati (WITS, 2023).
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KAZAKISTAN'IN ITHALATI
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Sekil 10. Kazakistan’in 2010-2021 yillar: arasindaki Azerbaycan, Tiirkiye ve Giircistan’dan
ithalaty (WITS: 2023).

Ulkelerin En Cok Ihrag ve ithal Eden Uriinleri

Her iilke ekonomisini giiclendirmek i¢in kendi iirettigi mallar ithra¢ ederken, eksik tirtinleri
ve/veya hammaddeleri ithal etmek durumdadir. Tirkiye-Azerbaycan-Giircistan-Kazakistan
ticaretinde en ¢ok ithal ve ihra¢ edilen ilk dort iirlin grubu ele alinarak hangi mallarin alinip
satildig1 saptanmistir.

Tirkiye-Azerbaycan ticari iliskilerine bakildiginda 2010 yilinda Azerbaycan’in Tiirkiye’ye
ihra¢ eden ilk dort iiriin, Rafine Petrol (99,1 Milyon $), Petrol Gazi (58,6 Milyon §), Ham
Altiminyum (27,7 Milyon $) ve Rafine Bakir (23,3 Milyon $) olmustur. Bunun karsiliginda
ithalat edilen ilk dort iiriin sirasiyla Mobilyalar (60,7 Milyon $), Demir Yapilar (45,3 Milyon
$), Temizlik Uriinleri (35,1 Milyon $) ve Plastik Borular (32,6 Milyon $) olmustur. Giircistan’a
ihrag edilen ilk dort iiriin ise Rafine Petrol (279 Milyon $), Petrol Gazi (78,7 Milyon $), Ham
Seker (9,65 Milyon $), Margarin (7,48 Milyon $) olmustur. Ithal edilen ilk dért iiriin grubu ise
Arabalar (104 Milyon $), Ugak Pargalari (26,4 Milyon $), Ham Demir Cubuklar (18,6 Milyon
$), Paketlenmis Ilaclar (12,1 Milyon $) olmustur. Kazakistan’a ihrag edilen ilk dért {iriin grubu
Ham Seker (17,3 Milyon $), Biiyiik Insaat Araglari (10,3 Milyon $), Teslimat Kamyonlari (8,49
Milyon $) ve Yolcu ve Yiikk Gemileri (8,01 Milyon $) olurken, ithal edilen ilk dort iiriinler
Bugday (230 Milyon $), Yar1t Mamul Demir (34,7 Milyon $), Baryum Siilfat (14,8 Milyon $)
ve Kaplamali Yass1 Haddelenmis Demir (22,1 Milyon $) olmustur.

Azerbaycan’in Tiirkiye’ye 2021 yilinda ihra¢ etmis oldugu ilk dort iiriin Petrol Gazi (1,68
Milyar $), Ham Petrol (332 Milyon $), Ham Pamuk (194 Milyon $) ve Rafine Petrol (116
Milyon $) olurken, ithal edilen ilk dort iirtin; Ugak, Helikopter ve/ya Uzay Parcalart (176
Milyon $), As1, Kan, Antiserum, Toksin ve Kiiltiirler (95,9 Milyon $), Paketlenmis Ilaclar (47,9
Milyon $) ve Temizlik Uriinleri (41 Milyon $) olmustur. Sekil 11°de Azerbaycan-Tiirkiye
ticaretindeki ilk dort iiriin grubu parasal deger olarak gosterilmistir. Azerbaycan’in 2021
yilinda Giircistan’a ihrag edilen ilk dort tiriin, Petrol Gazi (337 Milyon $), Rafine Petrol (124
Milyon $), Elektrik (30,8 Milyon $) ve Ham Demir Cubuklar (30,7 Milyon $) olurken, ithal
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edilen ilk dort iiriin, Arabalar (248 Milyon $), Islenmis Tiitiin (23,2 Milyon $), Yaymn
Ekipmanlar1 (18,5 Milyon $) ve Paketlenmis Ilaglar (17,5 Milyon $) olmustur. Sekil 12°de
Azerbaycan-Giircistan ticaretindeki ilk dort {irlin grubu parasal degeri ile gosterilmis.
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Sekil 11. Azerbaycan-Trirkiye ticaretindeki 2010-2021 yillarinda en ¢ok ihrag ve ithal edilen
ilk dort iirtin grubu (OEC World, erisim yili 2023).
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AZERBAYCAN- GURCISTAN TiCARETINDEKI iLK DORT URUN
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Sekil 12. Azerbaycan-Giircistan ticaretindeki 2010-2021 yillar: arasinda ithal ve ihrag edilen
ilk dort dirtin grubu (OEC World, erisim yili 2023).

2021 yilinda Azerbaycan’in Kazakistan’dan ithal edilen ilk dort tirtinler Rafine Petrol (26,3
Milyon $), Kaplamali Yass1 Haddelenmis Demir (14,9 Milyon $), Bugday (13,5 Milyon $) ve
Demir Demiryolu Uriinleri (3,86 Milyon $) olurken, ihra¢ edilen ilk dért iiriinler Propilen
Polimeri (13,5 Milyon $), Etilen Polimeri (6,44 Milyon $), Kabuklu Yemisler (2,83 Milyon $)
ve Ambalaj Posetleri (2,09 Milyon $) olmustur. Azerbaycan-Kazakistan ticaretindeki ilk dort
iiriin grubu ise sekil 13’de parasal degerleriyle 2010-2021 yillar verileri ile gdsterilmis.
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AZERBAYCAN- KAZAKISTAN TICARETINDEKI iLK DORT URUN

GRUBU
300
& 250
=z
9 200
=
= 150
s
o 100 | n
et |
w |
0O 50 = — I I I I . |
AL D
= == == == == == == == == == == ==
=Y g3 §3 33 383 83 &3 83 83 g3 83 &3
iT 2 | £ £ 2T 2 | 2T 2T EX | 2 2 E
$E TE ITE IE IE ZITE IE IE IE ITE IE ZIE
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
YILLAR
B Ham Seker H Biiyiik insaat Araclari Teslimat Kamyonlari
Yolcu ve Kargo Gemileri B Demir Borular M Isitma Makineleri
M Elektrikli Transformator M Rafine Petrol B Kiglk Demir Borulra
W Kabuklu Yemisler M Bakir Cevheri W Ambalaj Posetleri
B Demir Yapilar Uzun Demir Cubuklar Buyuk Demir Borular
Yalitilmis Tel Elma ve Armut Sivi Pompalari
B Propilen Polimerleri W Sert Likor M Etilen Polimeri
M Bilgisayar W Bugday M Yari Mamul Demir
Baryum Siilfat Kaplamali Yasssi Haddelenmis Demir = Diger Deniz Gemileri

Sekil 13. Azerbaycan-Kazakistan ticaretindeki 2010-2021 yillari arasinda ihrag ve ithal
edilen ilk dort iiriin grubu (OEC World, erisim yil1 2023).

Tiirkiye’nin Giircistan’a ihracindaki ilk dort tirlin gruplart 2010 yili i¢in Plastik Borular (25,2
Milyon $), Paketlenmis Tlaclar (23,6 Milyon $), Tuvalet Kagidi (20,5 Milyon $), Monofilament
(20,4 Milyon $) olurken, 2021 yilinda ise ilk dort iiriin Otobiisler (67,9 Milyon $), Kiiclik
Demir Borular (46,4 Milyon $), Paketlenmis Ilaclar (44,4 Milyon $) ve Rafine Petrol (38,5
Milyon $) olmustur. Karsiligina ithal edilen ilk dort {irtin 2010 yili i¢gin Hurda Demir (94
Milyon $), Ferro Alyajlar (27,9 Milyon §), Azotlu Giibreler (19 milyon $), Arabalar (16,7
Milyon $) olurken 2021 y1l1 igin Orgii Tisortler (62,9 Milyon $), Ferro Alyajlar (49,9 Milyon
$), Yar1 Mamul Demir (46,6 Milyon $) ve Hurda Demir (37,6 Milyon $) olmustur. 2010-2021
yillarina ait Tiirkiye-Giircistan ticaretindeki ilk dort iiriin grubu sekil 14’de verilmistir.
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Sekil 14. Tiirkiye-Giircistan ticaretindeki 2010-2021 yillarinda ihrag ve ithal edilen ilk dort
tirtin grubu (OEC World, erisim yili 2023).

Tiirkiye’den 2010 Kazakistan’a ihra¢ eden ilk dort iiriin grubu Miicevherler (61,4 Milyon $),
El Dokumasi Kilimler (38,1 Milyon $), Mimari Planlar (33,3 Milyon $), Yalitilmig Tel (33,2
Milyon $) olurken, ithal edilen ilk dort iiriin grubu Petrol Gazi (636 Milyon $), Yar1 Bitmis
Demirler (316 Milyon $), Ham Petrol (274 Milyon $) ve Bugday (153 Milyon $) olmustur.
2021 yilinda ihrag edilen ilk dort iiriinleri Paketlenmis ilaglar (70,4 Milyar 4), Orgii Tisortler
(47,6 Milyon $), El Dokumasi Kilimler (47,6 Milyon $) ve Orgiisiiz Kadin Takim Elbise (44,5
Milyon $) olmustur. Ithal edilen ilk dért iiriin grubu ise Rafine Bakir (790 Milyon $), Ham
Aliiminyum (236 Milyon $), Petrol Gazi (144 Milyon $) ve Komiir Briketleri (75,9 Milyon $)
olmustur. Sekil 15°te Tiirkiye-Kazakistan ticaretindeki ilk dort tirlin grubu grafigi verilmistir.
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Sekil 15. Tiirkiye-Kazakistan ticaretindeki 2010-2021 yillar: arasinda ihrag ve ithal edilen ilk
dort tiriin grubu (OEC World: 2023).

Giircistan’in Kazakistan’a ihrag ettigi ilk dort iiriin grubu 2010 y1l1 i¢in Arabalar (11,6 Milyon
$), Sarap (5,94 Milyon $), Sert Likor (4,96 Milyon §), Su (4,57 Milyon $) olurken 2021 yilinda
Arabalar (23,5 Milyon $), Elektrikli Firmlar (15 Milyon $), Su (12,7 Milyon $) ve Sarap (9,63
Milyon $) olmustur. Karsiliginda ithal edilen ilk dort {irtin grubu 2010 y1li i¢in Bugday (50
Milyon $), Kaplamali Yass1 Haddelenmis Demir (9,4 Milyon $), Manganez Cevheri (2,52
Milyon $), Makarna (1,36 Milyon $) olurken 2021 yilinda Tiras Uriinleri (3,81 Milyon $),
Kaplamali Yass1 Haddelenmis Demir (1,96 Milyon $), Petrol Gazi (1,13 Milyon $) ve Rafine

Petrol (1,09 Milyon $) olmustur. Giircistan-Kazakistan ticaretindeki ilk dort irtin grubu sekil
16’da verilmistir.
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Sekil 16. Giircistan-Kazakistan ticaretindeki 2010-2021 yillar: arasinda ithal ve ihrag edilen
ilk dort iiriin grubu (OEC World, erisim yili 2023).

BULGULAR

Bu iilkelerin toplam ihracat ve ithalat degerlerindeki dagilmalara gelindiginde ise su bulgulara
erisilmektedir:

Kazakistan’in 2021 yilinda yaptig1 ithalatinda %42,51 pay1 ile Rusya ilk sirada yer alirken,
ithracatinda %16,20 ile Cin olmustur. Tiirkiye’den ithalat pay1 %2,77, Azerbaycan’dan %0,11
ve Giircistan’dan %0,14 olmustur. Tiirkiye’ye ihracat pay1 %4,91, Azerbaycan’a ihracat pay1
%0,48 ve Glircistan’a ihracat pay1 %0,05 olmustur. Kazakistan’in 2010 yilinda da ihracatinda
en yiiksek pay1 %17,68 Cin’e olurken, ithalat1 %22,79 pay ile Rusya’dan yapmustir. Tiirkiye’ye
ihracat pay1 %2,16, Azerbaycan’a %0,60 ve Giircistan’a %0,12 olmusken, Tiirkiye’den ithalat
pay1 %2,57, Azerbaycan’dan %0,43, Giircistan’dan %0,09 olmustur (WITS: 2023).
Tiirkiye’nin 2010 yilinda en ¢ok ihracat pay1 %10,08 ile Almanya’ya olurken, en ¢ok ithalat
pay1 %11,64’le Rusya’dan olmustur. Azerbaycan’a ihracat pay1 %1,36 iken Giircistan’a %0,68
ve Kazakistan’a %0,72 olmustur. ithalat da ise Azerbaycan %0,75’lik paya sahip olurken,
Giircistan %0,16, Kazakistan %0,14 olmustur. 2021 yilinda da en cok digsatim1 pay1
Almanya’ya (%8,57) olurken, en ¢ok disalim pay1 Cin (%11,88) olmustur. Azerbaycan’a
thracat payr %1,04, Giircistan’a %0,76 ve Kazakistan’a %0,57 olmustur. Azerbaycan’dan
ithalat pay1 %0,28, Giircistan’dan %0,17, Kazakistan’dan %059 olmustur (WITS: 2023).
Azerbaycan’m 2010 yilinda ihracat pay1 en yiiksek olan iilke %33,10’1a italya olurken, ithalat
pay1 en yiiksek olan iilke ise %17,36’le Rusya olmustur. Tiirkiye’nin ihracat pay1 %0,8 iken
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ithalat pay1 %11,69, Giircistan’in ihracat pay1 %1,93 ve ithalat pay1 %0,76 olmustur. Ayrica
Kazakistan’in ihracat pay1 %0,21 olurken ithalat pay1 ise %4,45 olmustur. 2021 yilinda
Azerbaycan’in en ¢ok ihrag eden iilke yine Italya (%41,62), en cok ithalat yapan iilke de Rusya
(%17,73) olmustur. Tiirkiye, Giircistan ve Kazakistan’in ihracat pay: sirasiyla %12,69, %2,98
ve %0,17 olmustur. Ithalat pay ise Tiirkiye igin %15,76, Giircistan i¢in %0,86 ve Kazakistan
icin %0,82 olmustur (WITS: 2023).

2010 yilinda Giircistan’in en ¢ok ihracat yapan iilkesi Azerbaycan (%15,25) olurken, en ¢ok
ithalat yapan {ilkesi ise Tiirkiye (%16,92) olmustur. Tirkiye’nin ihracattaki payr %12,30,
Kazakistan’in pay1 ise %2,98 olmustur. Azerbaycan’in ithalattaki payr %7,48 olurken,
Kazakistan’in ise %1,79 olmustur. 2021 yilinda Giircistan ihracatini en ¢ok Cin (%14,51) ile
yaparken, en biiyiik ithalatin1 Tiirkiye’den (%18,11) yapmustir. Tiirkiye’nin ihracattaki pay1
%7,61, Azerbaycan’in %12,53 ve Kazakistan’in %2,27 olmustur. Kazakistan’in ithalattaki
pay1 %0,20, Azerbaycan’in pay1 ise %5,92 olmustur (WITS: 2023).

Tiirkiye 2010 en ¢ok ihrag¢ eden iiriinii 6,21 Milyar ABD dolar1 biiyiikliikle arabalar olurken,
en ¢ok ithal edilen iirlin ise 10,3 Milyar ABD dolar1 degeriyle Rafine Petrol olmustur. 2010-
2021 yillar1 arasinda en ¢ok ithal ve ihrag edilen iirliniin maliyeti degismekle birlikte su ii¢ {iriin
arasinda olmustur: Arabalar, Altin, Rafine Petrol (Sekil 17).

TURKIYE'IN EN iYi IHRAC VE iTHAL EDEN URUNU
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Sekil 17. Tiirkiye 'nin 2010-2021 yullar: arasinda en ¢ok ihrag ve ithal eden tiriiniin (OEC
World, erigim yili 2023).

Bu zaman zarfinda Azerbaycan’in en ¢ok digsatim ve disalim yaptigi iirlinler her sene
degismekle birlikte Ham petrol, Arabalar, Biiylik Demir Borular, Vanalar ve Altin olmustur.
2010 yilinda en ¢ok ihrag edilen {iriin 22,1 Milyar ABD dolar1 maliyetle Ham Petrol olurken,
2021 yilinda da 13,5 Milyar ABD dolar1 degerinde ayni iiriin olmustur. 2010 yilinda en ¢ok
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ithal edilen {iriin ise 448 Milyon ABD dolar1 degerinde arabalar olurken, 2021 yilinda da 815
Milyon ABD dolar1 degeri ile yine arabalar olmustur (Sekil 18).

AZERBAYCAN'IN EN COK iHRAC VE iTHAL EDEN URUNU
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Sekil 18. Azerbaycan’in 2010-2021 yillar: arasinda en ¢ok ihrag ve ithal eden iiriinii (OEC
World, erigim yili 2023).

2010 yilinda Giircistan’in en ¢ok ihra¢ eden iiriinii 391 Milyon ABD dolar1 degerinde Rafine
Petrol olurken, en ¢ok ithal edilen iiriin de 780 Milyon ABD dolar1 degeri ile Rafine Petrol
olmustur. 2010-2021 yillar1 arasinda en ¢ok ihra¢ ve ithal edilen iiriin her yil degismekle
birlikte Rafine Petrol, Arabalar ve Bakir Cevheri olmustur. 2021 yilinda en ¢ok ihrag¢ edilen
iirtin 852 Milyon ABD dolar1 degerinde Bakir Cevheri olurken, en ¢ok ithal edilen {iriin ise 860
Milyon ABD dolar1 degerinde Arabalar olmustur (Sekil 19).
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Sekil 19. Giircistan’in 2010-2021 yillar: arasinda en ¢ok ihrag ve ithal eden iiriinii (OEC
World, erigim yili 2023).

Kazakistan’in 2010 yilindaki ticaretinde en ¢ok ihrag¢ edilen iiriin, maliyeti 36,1 Milyar ABD
dolar1 olan Ham Petrol olurken, en ¢ok ithal edilen iiriin de 1,21 Milyar ABD dolar1 degerinde
Ham Petrol olmustur. 2021 yilina bakildiginda Kazakistan’in en ¢ok ihra¢ eden iiriinii tekrar
21,6 Milyar ABD dolar1 degerinde Ham Petrol olurken, en ¢ok ithal edilen iiriin ise 1,75 Milyar
ABD dolar1 degerinde arabalar olmustur. 2010-2021 yillari arasinda en ¢ok ithal ve ihrag edilen
iirlin bazen ayni {iriin olmakla birlikte genelde Ham Petrol, Arabalar, Rafine Petrol, Petrol Gazi
ve Isitma Makineleri olmustur (Sekil 20).
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Sekil 20. Kazakistanin 2010-2021 yillar: arasinda en ¢ok ihrag ve ithal eden iiriinii (OEC
World, erigim yili 2023).

Kazakistan 2021 yilinda toplam 53,6 Milyar dolarlik ihracat yaparak diinyanin 55. ihracatcisi
olmustur Rapor edilen son bes yilda Kazakistan'in ihracati1 2016'da 39,4 Milyar $'dan 2021'de
14,2 Milyar $ artarak 53,6 Milyar $'a yiikselmistir (OEC World, 2023).

Giircistan 2021 yilinda toplam 5,02 milyar dolarlik ihracat yaparak diinyanin 120 numarali
ihracat¢is1 olmustur. Bildirilen son bes yilda Giircistan'in ihracat1 2016'da 2,57 Milyar $'dan
2021'de 5,02 Milyar $'a 2,45 Milyar $ degismistir (OEC World, 2023).

Azerbaycan 2021 yilinda toplam 22,8 Milyar dolarlik ihracat yaparak diinyanin 71 numaral
ihracatgist olmustur. Bildirilen son bes yi1lda Azerbaycan'in ihracat1 2016'da 13,7 Milyar $'dan
2021'de 9,09 Milyar $ artarak 22,8 Milyar $'a yiikselmistir (OEC World, 2023).

Tiirkiye 2021 yilinda toplam 234 Milyar dolarlik ihracat yaparak diinyanin 28. ihracatcisi
olmustur. Bildirilen son bes yilda Tiirkiye'nin ihracat1 2016'da 158 Milyar dolardan 2021'de
75,3 Milyar dolar artarak 234 Milyar dolara yiikselmistir (OEC World, 2023).

SONUC

Bu calismada, 2010 yilindan 2021 yilina kadar gecen siirede Tiirkiye, Azerbaycan, Giircistan
ve Kazakistan’in birbirleriyle yaptig1 ihracat ve ithalatina dair verileri elde edilmistir. Bu
sireler zarfinda Tirkiye-Azerbaycan ticaretinde Azerbaycan’in Tiirkiye’den ithalati
ithracatindan yiiksek olmustur. Tiirkiye-Giircistan ticaretinde de Giircistan’in Tiirkiye’den ithal
eden tirlin miktarn: ihracindan fazla olmustur. Tiirkiye-Kazakistan ticaretinde Kazakistan’in
Tirkiye’den ithal eden iriin miktar1 ihracinda fazla olmustur. Giircistan-Azerbaycan
ticaretinde Azerbaycan’dan ithal edilen iiriin miktar1 fazla olurken, Giircistan-Kazakistan
ticaretinde ise Kazakistan’in Giircistan’a ihracat miktar1 ithalatindan fazla olmustur.
Kazakistan-Azerbaycan ticaretinde Kazakistan’in Azerbaycan’a ihracati ithal edilen iiriin
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miktarindan fazla olmustur. Ulkelerin arasinda diinya ticaretindeki pay: yiiksek olan
Tirkiye’nin Azerbaycan, Giircistan, Kazakistan’a ihracati, bu iilkelerden ithal eden iiriin
miktarindan fazla olmustur.

Ulkelerin ekonomisi, iilkeye giris ve ¢ikis yapan iiriinlerden vergi alarak giiclii kalir. Ancak
iilkeler ile iki tarafli anlagsmal1 vergi indirimi veya bazi iiriinler i¢in vergi muafiyeti olacak
sekilde tesvikler uygulanarak, Tirkiye-Azerbaycan-Giircistan-Kazakistan iligkilerinde ticari
bliylime yapilabilir.

Orta Asya iilkelerinin Cin ile ticari iligkileri araliksiz devam etmesi, bu iilkelerin Avrupa ve
diger gelismis Tllkelerle siyasi, ticari iliskileri olusturma veya giiclendirme olanagini
kazandirmistir. Orta Asya iilkelerinin cografi veri altyapisinin giiglendirilmesi, diger iilkelerin
yolcu ve yiik tasimaciligi planlamasinda gelecege yonelik saglikli ve gercege yakin sonuglari
elde edebilmesi i¢in gereklidir.

Bu ¢alismada kullanilan veriler, Diinya Bankasi, “The Observatory of Economic Complexity”,
“World Integrated Trade Solution” sitelerinden elde edilmistir. Elde edilen verileri Excel
programindan grafikler, tablolar olusturarak iilkelerin birbirleriyle yaptigi ticaretine dair
analizler yapilmistir. Elde edilen matris, tablolar ve grafiklerden yararlanilarak gelecege
yonelik modellemeler yapilabilir.

3"International Congress on Multidisciplinary Natural Sciences ICOMNAS-2023), Dec 07-08 2023 | NRERESEEEES
Ankara / TURKEY | 153



3"International

Congress on Multidisciplinary Natural Sciences
ISBN: 978-625-6488-58-8

KAYNAKCA

GDP (current US$). (2023). Diinya Bankast: https://data.worldbank.org adresinden alindi
Historical Data. (2023, Kasim). The Observatory of Economic Complexity (OEC.world):
https://oec.world adresinden alindi

Population, Total. (2023, Kasim). Diinya Bankas1: http://www.data.worldbank.org adresinden
alindi

Tamamlanan Onemli Projeler. (2023, Kasim). BOTAS-Boru Hatlar ile Petrol Tasima Anonim
Sirket: https://www.botas.go.tr adresinden alind1

Ticaret. (2023, Eyliil). Azerbaycan Respublikasinin Devlet Statistika Komitesi:
https://www.stat.gov.az adresinden alindi

Trade Stats. (2023, Kasim). World Integrated Trade Solution (WITS):
http://wits.worldbank.org adresinden alindi

3"International Congress on Multidisciplinary Natural Sciences ICOMNAS-2023), Dec 07-08 2023 | NRERESEEEES

Ankara / TURKEY | 154



3"International

Congress on Multidisciplinary Natural Sciences
ISBN: 978-625-6488-58-8

Doctor-Patient Interactive Mobile Application with POS Integration
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Abstract

In the provision of healthcare services, which have become more complex today, the aim is to
ensure communication between the patient and the experts in the relevant branch remotely, via
mobile or web interface. The mobile platform created in this study aims to optimally organize
the process by sharing report files, messaging, reviewing treatment details, appointment
tracking, and sharing daily tasks. Thus, the aim is to improve existing conditions through a
process that is easy to access and manage. Studies have observed that existing applications do
not appeal to all age groups or are not preferred due to their functional inadequacies. For this
reason, it is planned to develop a mobile application that can appeal to a wider age range, is
easy to use, has high user experience and has functions that can meet the needs of the sector.
The needs of the sector are determined in line with the literature review and information
received from experienced people in the relevant field. Virtual POS integration and various
payment methods are important for mobile health application users to access healthcare
services easily and safely. It allows users to quickly access healthcare services and benefit from
different payment options. Thus, healthcare providers both increase customer satisfaction and
optimize business processes by facilitating the financial transactions of users of mobile health
applications.

Keywords: mobile health application, treatment follow-up, flutter, healthcare services, virtual
POS
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1.Introduction

With the advancement of technology in healthcare, mobile applications play an important role
in the healthcare sector. However, individuals face some difficulties in doctor-patient
interaction and the process needs improvement. Therefore, this study aims to present an
innovative mobile application design to improve doctor-patient interaction and facilitate access
to healthcare services. Under this title, the potential of mobile application design will be
emphasized based on the complexities related to doctor-patient interaction in the existing
literature and the inadequacies of the functions in mobile applications, and a solution proposal
will be presented to meet user needs in this direction. The aim of this thesis is to address the
issues in doctor-patient interaction such as communication difficulties, information sharing
deficiencies, appointment management difficulties and treatment follow-up, while examining
how mobile application design can help overcome these problems. In addition, factors such as
user needs identification, application design for user experience, data security and privacy will
also be considered. As a result, this thesis aims to contribute to making healthcare services
more effective and accessible by presenting a mobile application design to improve doctor-
patient interaction. Virtual POS integration and various payment methods are critical for
mobile health applications to provide users with easy and secure access to healthcare services.
This integration enables users to pay for healthcare services quickly and benefit from different
payment options. Thus, by facilitating the financial transactions of users of mobile health apps,
healthcare providers increase their revenues and optimize their business processes.

Mobile health applications have a great potential for health service delivery and public health
education. Research in this field reveals different approaches to the design, development and
usability of mobile health applications. Developers of mobile health applications generally aim
to port current web-based or desktop applications to mobile devices or to build similar
applications for mobile platforms based on these applications. However, users prefer
applications that are innovative and utilise the main advantages of mobile devices. This
situation shows that mobile health applications need unique design and development
approaches in order to fully utilise mobile platforms (Liu, C. etal., 2011)

The World Health Organization defines mobile health as supporting health applications with
technologies such as mobile phones, patient monitoring devices and personal electronic
assistants (World Health Organization,2011). Similarly, the National Institutes of Health
Foundation defines it as the offering of health services via communication devices (Torgan, C.
,2009)

Barton, stated that mobile health applications are an important element in facilitating access to
health services and health information today. With the widespread use of mobile health
applications worldwide, it has become clear that these applications should be assessed for
safety, effectiveness and appropriateness. It concluded that the impact of regulation on mobile
health applications should strike a balance between patient safety and encouraging innovation.
As a result, the content and design of the applications developed have been shaped by
consideration of this balance. However, it was noted that a patient-centred approach is a
fundamental principle in the regulation of mobile health applications. A patient-centred
approach requires prioritising factors such as patient safety, privacy, data security and user
experience. The effectiveness and reliability of these applications, which facilitate access to
healthcare services, play a critical role in supporting patients' health decisions (Barton, A. J.
2012).

Emin, K. et al. observed that digitalisation has become a rapidly progressing process today and
almost every service sector and organisational structure is trying to adapt to this change. These
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transformation efforts have led to the emergence of the concepts of digital individuality and
digital society for individuals and society. Similarly, in the field of health, we can see that the
technological transformation process is effective and that mobile health applications are being
incorporated into the lives of individuals and society. This situation has led to the issue of
digital health literacy becoming more important. In this context, this study was conducted based
on field research to describe the status of use of mobile health applications and its relationship
with eHealth literacy. According to the results of the study, the eHealth literacy level of the
participants was as high as 3.76. The research results also showed that 93.51% of respondents
prefer mobile health applications in various types to meet their health needs. This situation
shows that mobile health applications are used intensively and widely at the societal level.
Similarly, it was observed that among the frequently used categories of mobile health
applications, online appointment booking applications such as MHRS, Cep Hastane are in the
first place and applications that track personal health data such as e-pulse, analysis results are
in the second place. As a result of the correlation analysis, it was found that there is a positive,
linear and significant relationship between the level of e-health literacy and the frequency of
use of mobile health applications. In other words, as the use of mobile health applications
increases, so does the level of e-health literacy. It was also found that the higher the level of
education, the higher the level of e-health literacy. In this context, the study conducted and the
application developed aim to contribute to the creation of an aware society with a high level of
literacy in the field of mobile health. (Emin, K. et al., 2023)

Toygar mentioned that mobile health applications offer the opportunity to reduce costs with
the developing medical technology and that radical changes have taken place in the patient-
doctor relationship. It is concluded that health services should be delivered digitally and
provide multi-stakeholder service delivery by increasing communication between doctors of
different specialities, going beyond the patient-doctor relationship. In addition, health services
are being delivered online, depending on the nature of the demand (as physical contact can be
minimised), and are becoming interactive in terms of post-diagnostic follow-up. The use of
mobile health applications is spreading from high-income to upper-middle-income countries
around the world. Even in some first-line diagnosis and treatment processes, the use of mobile
health applications related to the latest medical technology is reported to be increasing in lower-
income countries. It should be noted that the distinction between central countries, which
produce technology, and peripheral countries, which demand it, is important (Toygar, S. A.
2018).Therefore, it is very important for our country to take a more active role in this sector in
the future and to have a solid base for further breakthroughs. With the mobile application
developed and the infrastructure created, this system, designed with the advances in mobile
health, will also form the basis for future studies.

Mobile health applications are effective tools that enable users to easily access healthcare
services. However, a fast and secure realisation of payment processes is an important factor to
further improve the user experience of mobile health applications. Therefore, virtual POS
integration is a solution that makes it easier for users to pay for healthcare services in mobile
health applications (Pantano, E. etal., 2012).

2.Material and Method
2.2.Application infrastructure

In this study, an application infrastructure was developed using the .NET Core platform
developed by Microsoft. For the API service, the layered architecture and the Entity
Framework structure developed for the mobile application, an infrastructure was created with
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.NET Core (Microsoft, 2023) This structure provides a foundation with an enterprise
architecture that is independent of the platform and other components used. This foundation
provides a suitable basis for any future development. As part of the study, a mobile application
was developed using the Flutter platform developed by Google. The Flutter platform has been
identified as the tool to be used for mobile application development in this study and the Dart
programming language is used in this context. Flutter provides a large widget library, which
allows the user interface components to be quickly created and customised during the
application development phase (Flutter, 2023). On the backend, a database was created using
the MySQL database management system developed by Oracle. Relational definitions and
table structures were created on this database (MySQL, 2023) Database connections were then
established using the API service to provide access and data management (Joshi, B., 2019)

2.2.Hosting service

As part of this study, the hosting service was obtained and the API service was published on
this platform using the specified domain name. User accounts were created for team members
to access the hosting service. Connection information, management of content published on
the hosting and management of additional services received in this context were provided.
Additional services such as FTP, email service, database support, domain name and subdomain
name are provided with the hosting service (Google Domains,2023).

2.3.Virtual POS integration

Virtual POS integration allows users to pay for healthcare services using credit cards, debit
cards or other electronic payment methods. This integration works in conjunction with secure
data encryption and user authentication processes to protect users' sensitive financial
information. Users can easily make payments through the mobile health app. This simplifies
the payment process and improves the user experience (Pantano, E. et al., 2012)Adding virtual
POS integration to mobile health applications offers many benefits to healthcare providers.
First, this integration can increase revenue for healthcare providers. Payments made through
the mobile application are processed more quickly than manual payment processes, enabling
more effective financial management for healthcare providers. In addition, virtual POS
integration can automate financial processes with features such as automated invoicing and
payment reminders. This saves staff time and increases operational efficiency (Ayhan, A.,
2018).

2.4.Architecture of the proposed study

An example diagram of the application development process and the established architecture
is shown in Figure 1. The management panel that may be installed on this infrastructure in the
future is also included in the diagram. Although this diagram basically shows the layers in the
project, it can be seen that services that can be used in different areas can be added to the
layered architecture and API project, and that it supports many other platforms.
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Figure 1. Example diagram of the project
3.Results

In this study, a mobile health application was developed using a .NET Core based API service
and Flutter developer kit. During the research, mobile health applications, the potential in this
field, similar applications and many points to consider during application development were
analysed. The application was evaluated on factors such as user experience, usability, security
and performance. As a result of the research, it was concluded that the mobile health application
should have a user-friendly interface and easy navigation, and an interface was designed
accordingly. In addition to having a user-friendly interface, it was determined that the
application should be adequate and successful in terms of functionality by including the
necessary features. In the application developed in this context, innovative services were
created by taking into account the shortcomings and improvable aspects of existing
applications. In particular, an application has been developed that prioritises the follow-up of
the treatment process and the doctor-patient interaction. The performance of the mobile health
application allows users to access data quickly and carry out their transactions smoothly.

As an additional finding, it was concluded that adding virtual POS integration to mobile health
applications facilitates user access to health services, speeds up the payment process and
provides security. For healthcare providers, it is concluded that it is beneficial in terms of
financial management, revenue generation and increased operational efficiency. NET Core
based API service is designed to have an enterprise architecture that is platform and database
agnostic. This provides a foundation for future development and expansion, as well as a
sustainable and easy to maintain infrastructure.

4.Conclusion

The developed application and infrastructure is suitable for integrated work not only with
specialists and doctors, but also with clinics and health centres. As for future studies, with the
integration of the payment method to be added to the application, users will be able to access
additional services and service providers will be able to expand their target audience. It is
believed that the success of the application can be increased by continuing the application
development and maintenance process by receiving user feedback and analysing application
usage and treatment process data. In addition, future plans include supporting the application
with additional services to be provided and increasing the range of services that can be offered
to reach wider target groups.
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Structural Optimization with Surrogate-Based Optimization Method for an Aircraft Wing
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Abstract

In today’s world, simulation technology has high reliability which takes plenty of time. Due to
the restricted schedule of the study, extended simulation time is always a problem. Surrogate-
based optimization (SBO) improves a meta-model for an optimization process. It approximates
objective and constraint functions by allocating diverse designs of experiment points. The
methods of optimization have been developed to yield the best results in the last two decades.
To have the best option, the meta-model is improved with an adequate number of design of
experiment samples. A surrogate model helps to obtain a mathematical model of simulations.
As a numerical form of analysis, the meta-model is a practical way to optimize structural parts.
SBO is an efficient way to optimize several simulation data, such as the results of
computational fluid dynamics (CFD) simulations for complex engineering problems. This
study extends a 2D-validated CFD setup to a 3D wing model, ensuring the use of a realistic
structural model. Then, it effectively validates the optimization algorithms through a Speed
Reducer test case. The research employs SBO in conjunction with a parametrized finite element
model (FEM) by focusing on mass optimization while considering constraints of frequency
and compliance. An optimum is achieved in about 36 iterations with results suggesting
promising outcomes, although the results are not definitive best candidates. The optimization
method's validity is further supported by comparison with established optimization methods by
highlighting its potential in structural optimization.

Keywords: Aircraft wing, sequential quadratic programming (SQP), structural optimization,
surrogate-based optimization (SBO), weight minimization
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Introduction

Optimization is a significant research area to realize multiple systems that work collaboratively
for all disciplines. A complex design optimization procedure aims to the best performed system
under the system requirements. In the aircraft industry, it is expected that less weighted
complex structural designs meet sub-systems’ requirements, and have high performance at the
same time. The main objective is to simulate the complex design such as the wing, and optimize
by considering aerodynamic performance parameters, and manufacturing constraints, cost in a
limited time line. In today’s world, simulation technology has a high reliability that takes plenty
of time (Yang, 2016 ). Due to the restricted schedule of the study, extended simulation time is
always a problem. A surrogate model helps to obtain a mathematical model of simulations. As
a numerical form of analysis, the metamodel is a practical way to optimize structural parts.
Thus, analysis methods are applied to the metamodel, including uncertainty analysis (Xie,
Nelson, & Barton, 2014), sensitivity analysis (Yu Zeng, 2012), and optimization (Mariam
Triki, 2011). The methods of optimization have been developed to get the best results in the
last two decades. To having a best option, the metamodel is improved with an adequate number
of designs of experiment samples. Several researches focus on weight minimization studies to
achieve targeted weight by considering structural strength criteria in compatible related
disciplines. The objective function of mass is formed by the design of experiment samples in
SBO. In this paper, a combined structural design optimization which includes initial topology
optimization for internal structures of the wing, and size optimization with SBO methods are
compared with generic optimization methods.

Reference Analyses and Optimization Model
The Geometry of the Wing Model and Mechanical Properties.

NACA wing profiles are frequently used in trainer aircraft wings. In particular, it is used in 6-
series turboprop training aircraft (Yildirim, 2021). NACA 63415 profile is used for the root
chord, and NACA 63212 profile is used for the tip chord of the wing. The data on the airfoils
are obtained from the referenced website (Airfoil Profiles, n.d.). The profiles of the airfoils are
shown in Figure 1, and the upper view of the wing is shown in Figure 2.
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Figure 1. NACA Airfoil Profiles a) NACA 63415 b) NACA 63212
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Figure 2. Dimension of the Wing

In this study, the material of all internal and external structures of the wing is selected as
aluminum 7075 with the mechanical properties given in Table 1.

Table 1- Mechanical Properties of the Wing Material (Aluminum 7075)

Young Modulus 71000 MPa
Poisson Ratio 0.3
Density 2660 kg/m®

2D Airfoil Test Case for Verification of Aerodynamic Analysis.

In this study, aerodynamic analysis is performed by using HyperWorks CFD-AcuSolve
software. Simulation results are compared with reference (NASA-Langley Research Center,
2023), which has similar flight conditions to this study. NACA Airfoil 0012 is used as the
validation test case with a Mach number of 0.3, Reynolds number of 6.10°, and 0.0169° angle
of attack. The experimental and simulation results from the reference data are shown in Figure
3. The simulation results obtained in this study are compatible with reference (NASA-Langley
Research Center, 2023) as Figure 3, where pressure coefficient Cp is used in comparison.
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Figure 3. Comparing C,, Simulation Results and NASA'’s Results (NASA-Langley Research
Center, 2023)
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Reference Aerodynamic Analysis.

The aerodynamic analysis is performed to compute the pressure loads (for cruise conditions)
on the wing, which will be imported into the structural finite element model. The simulation is
realized with the parameters as indicated below in Table 2.

Table 2- Aerodynamic Parameters of the Wing

o

Angle of attack 0
Fluid Material Alir
Density 1.225 kg/m?3
Viscosity 1.781x10° kg/m.s
Equation of Fluid Navier-Stokes
Model of Turbulent Spalar-Allmaras
Inlet Velocity 135 m/s
Number of Nodes 4,956,795
Total Number of Elements 29,391,102
Tetrahedral Elements 29,316,478
Prism Elements 74,624

The structure of the CFD mesh is shown in Figure 4. The quality of mesh is defined by some
defined parameters such as aspect ratio, and skewness. The mesh metrics are shown in Table
3.

Figure 4. The Finite Element Model of the Wing for CFD Simulation

Table 3- Meshing Elements Properties of the CFD Model

Aspect Ratio >10
Skew > 60

Jacobian <0.7
Volumetric Skewness >5

As a result of the aerodynamic simulation, the pressure distribution is displayed in the unit of
Pascal in Figure 5. The velocity result of the simulation according to the inlet velocity is
presented in Figure 6. At the end of the aerodynamic simulation, the pressure results are
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imported into the structural model to load the wing and then optimize the thickness of the ribs,
spars, and skins.

Figure. 5 Pressure Results of the Wing

Figure. 6 Velocity Results of the Wing
Topology Optimization for Rib and Stringer Layout of The Wing

The 3D geometric model is a black box model for topology optimization. The black box model
is used for defining dense areas that are critical in terms of static loads for the wing, and in
agreement with the aerodynamic force. The topology optimization study helps to define the
proper positions of ribs and spars in a view of the structural optimization. The layout study
from bulk geometry to lattice structure is demonstrated in Figure 7.

Figure 7. The Layout Study from Bulk Geometry to Lattice Structure

The topology optimization study is divided into four different cases with four different
conditions as in Table 4.
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Table 4- Parameters of Topology Cases

Casel Case?2 Case3 Case4
Objective Minimize Minimize Minimize Minimize
Function compliance compliance compliance compliance
Constraint Volume Volume Volume Volume
fraction-0.40 fraction-0.35 fraction-0.30 fraction-0.30
Discrete- 3 3 3 5
parameter

The cases provide different densities of element distribution results. This evaluation of the four
cases helps to identify the optimal positions for the internal structures of the wing to get a

lighter design. The results of the topology optimization cases are shown in Figure 8.
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Figure 8. Results of Topology Optimization: a) Casel b) Case2 c) Case3 d) Case4

The structural model is designed by using CATIA V5 via extracted dense surfaces from
HyperMesh. Figure 9 shows the dense areas to place ribs and spars. The internal structures are
located by approximation of the dense areas.

Figure 9. Extracted Surfaces from Result of Topology Cases
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Finite Element Model of the Wing.

The structural finite element model is shown in Figure 10. This model is divided into eight
sections along the chord of the wing. The sections represent eight different skin thicknesses of
the wing to define the design variables of the size optimization.

Figure 10. The Structural Finite Element Model of the Wing

The structural mesh element metrics are shown in Table 5.

Table 5- Meshing Elements Properties of the Structural Model

Aspect of ratio >5
Warpage >5
Skew >60
Jacobian <0.70
Size of The Elements 10 mm
Total number of Elements 101559
Tria3 4034
Quad4 97525

In the following mesh model, the VVon-Mises stress result is as Figure 11.
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Figure 11. Initial VonMises Stress Results of the Wing
The initial absolute maximum principal stress result is demonstrated in Figure 12.
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Figure 12. Initial Absolute Maximum Principal Stress Results of the Wing

The initial displacement result is shown in Figure 13.
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Figure 13. Initial Displacement Results of the Wing

In this normal mod analysis is studied for two modes. The minimum frequency is nearly 6.9
Hertz, and 8.5 mm displacement is occurred via this minimum frequency. Maximum frequency
is approximately 32.5 Hertz, and 10.1 mm displacement is occurred via this maximum
frequency. The result is shown in Figure 14.
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Figure 14. Initial Normal Mod Analysis Result of the Wing: a) Mod1=6.85 Hz b)
Mod2=32.46 Hz

Optimization Test Case for Validation

In this study, the validation test case is taken from reference (H. L. Li, 1985). A speed reducer
is used as the case as shown in Figure 15, where x; is the width of the gear surface, x,is gear,
x3 the number of pinion teeth,x,, and x5 are bearing spacing, x, and x, are the diameter of the
shaft.
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Figure 15. Model of Speed Reducer (Zhenguo Wang, 2014)

Seven design variables with lower and upper bounds as well as the starting points are used in
optimization (see Table 5).

Table 5- Values of the Design Variables

Lower Value Starting Value Upper Value
X1 0.9 2.6 3.6
Xy 0.7 0.7 0.8
X3 17.0 17.0 28.0
Xy 7.3 7.3 8.3
X 7.3 7.3 8.3
Xe 2.9 2.9 3.9
Xy 5.0 5.0 5.5

The objective function, and eleven constraints are given below:

f(x) = 0.7854 x1x22(3.3333 x§ + 14.9334 x3 — 43.0934) — 1.508 xl(xg + x2)
+ 7.477(x2 + x3) + 0.7854(x,x2 + x5x2)

g1(X): 27 x7 xx3%xx31 =1 <0, ()g,(X) : 397,5* x;lxx;2xx32—1<0,
g3(X) 1193 xx; xx3lxxd xxg* —1 <0,
ga(X) : 193 x x5t xxztxxd xx5* —1 <0,

gs(X) : 10x;3 * \/(745 * x; 1 xzl )2 4+ 1.69 X 107 — 1100 < 0,

ge(X) : 10x53 * \/(745 * x; 1% x31 % x5)2 4+ 1.575 x 108 — 850 < 0,

g7(X) :x; 1« (15% x4 +1.9) —1<0,
geX) :xstx(11*xx, +19)—1<0,
9o(X) 1 xy % x3—40 <0,
JroX):5xx; xx;1 <0,
g11(X):x; *x;1 =12 <0 (Xiong Qing Yu, 1998)
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The optimum value of the objective function is found to be f*=2994.34 , in (H. L. Li, 1985).
In our study, the SBO is implemented with infill sampling criteria via MATLAB, and the
optimum value of the objective function is computed as f*= 2994.36. The difference is
negligible. Figure 16 shows that the optimization is converged at the end of the thirtieth
iteration.
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Iteration Iteration

Figure. 16. Monitoring Surrogate-Based Optimization Results of the Test Case
Infill Sampling Criteria for Surrogate-Based Optimization
Theoretical Aspect of Infill Sampling Method.

Upon the creation of the surrogate models from the data which is extracted from expensive
numerical function evaluations, the surrogate models themselves can guide drawing a new
sample from the design space by solving an optimization problem which is named “sub-
optimization” defined by an infill-criteria (Chen-Zhou Xu, 2018). In this study, two types of
infill criteria have been utilized, namely, Minimizing Surrogate Prediction (MSP) and Mean
Squared Error (MSE), due to their computational practicality for higher dimension applications
although they could be disadvantageous comparison with their counterparts (Han, 2016).

Minimizing Surrogate Prediction (MSP).

In this criterion, the built surrogate model for the objective is minimized under the given
constraints of the problem in order to exploit the readily available models. A process to solve
this sub-optimization problem can be designed with a loop of gradient-based or gradient-free
approaches. The sub-optimization can be expressed as:

Minimize f(X)
w.r.t. Xlower X< Xupper’
st. giX)<0,i=1,..,n,
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where £(-) and g,(-) are the surrogate models for the objective and constraints respectively,
and X € R™ is the design variable with a dimension of n, from the design space between
upper and lower values X, ,er, Xiower respectively, and finally n, is the number of constraints.
In this study, the resulting optimum design point X*is achieved through SQP with 100,000 as
the maximum iterations, and 100,000 as the maximum evaluations of surrogate model
functions for a robust decision within a high dimensional space.

Mean Squared Error (MSE).

In this criterion, the built surrogate models are utilized to explore the design space more to
enhance the accuracy of the models by maximizing the MSE value from the surrogate model.
This sub-optimization is handled as a constrained maximization as following in the literature,

Maximize MSE (f(X)) - ITi<, P[g:(X) < 0]
w.r.t. Xlower < X < Xupper

However, due to the computational practicality, the maximization problem is handled as in sub-
optimization for MSP, as the following,

Maximize MSE (f(X))
w.r.t. Xlower X< Xupper
S.t. gl(X) <0, i=1, vy, Ny
where MSE(-) is the mean squared error function.
Structural Optimization with Surrogate- Based Optimization Method

The surrogate model is set up with a guide indicated in Figure 17.
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Figure 17. Flow Chart of Surrogate-Based Optimization Based on Multidisciplinary Feasible
(MDF) Architecture for the Wing
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Ten design variables and their simulations are automatized with the structure of the SBO in
MATLAB to explore the minimum value of the problem.
Min My,
w.r.t. Xiower < X < Xyupper

S.t. Wpin—w(X) <0
C(X) = Cnax <0
where M,,,,4 is the mass of the wing, w is the first mode frequency at the design point X, w;n
is the minimum desired mod frequency, C is the compliance, and C,,,4, IS the maximum desired

compliance. In theory, maximization of stiffness means minimization of compliance, and the
expressed equation of compliance from (Yuanteng Jiang, 2023) as eq. (1).

C=F"U (@8]
where C is the compliance, F represents the nodal force vectors, U is global displacement
vector. The thickness of the main spar is denoted with M,, the thickness of the rear spar is
denoted with R, and the thicknesses of Skinl through Skin8 are denoted with S; through Sg.
The upper and lower bounds of these quantities are indicated in Table 7.
Table 7- Values of the Design Variables

Lower Value (mm) Starting Value (mm) Upper Value (mm)
M, 1.2 5.0 5.0
R, 1.2 5.0 5.0
Sy 1.2 3.0 5.0
S, 1.2 3.0 5.0
S, 1.2 3.0 5.0
S, 1.2 3.0 5.0
Ss 1.2 3.0 5.0
S 1.2 3.0 5.0
S, 1.2 3.0 5.0
S 12 3.0 5.0

The optimum result converges f* = 77,67 as shown in Figure 18, and the prediction and
measurement of the objective function are in harmony at the end of the thirty-sixth iteration.
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Figure 18. Monitoring Surrogate-Based Optimization Results of the Wing

In this study, the gradient-based optimization methods are studied, and compared with SBO.
Even if the number of function evaluations are considerably high for SBO, the minimum weight
is produced with it. The optimization results of the objective function and the design variables
are shown in Tables 8 and 9, respectively.

Table 8- Comparison of Four Optimization Methods for the Optimization of the Wing Design

Number of function Number of Mass of the Wing
evaluation iterations (kg)

SQP 326 30 78.38
ARSM 63 63 78.49
GRSM 50 20 79.50

SBO 72 36 77.67

Table 9- Optimum Thicknesses Results of the Wing Design

My | Re | S1 | 52 S3 S4 Ss Se S7 Sg
mm | mm | mm | mm mm mm mm mm mm mm
SQP 1.8 | 34 | 19 2.8 2.8 3.2 3.4 2.9 3.0 3.7
SBO 19 | 1.2 | 19 | 29 2.9 3.3 3.2 2.9 2.9 3.9
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Analysis Results of the Optimum Design

The optimized thicknesses are given by SBO method for the final design. The final
VonMises stress result is demonstrated in Figure 19.
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Figure 19. Final VonMises Stress Results of the Wing

The final absolute maximum principal stress result is demonstrated in Figure 20.
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Figure 20. Final Absolute Maximum Principal Stress Results of the Wing

The final displacement result is shown in Figure 21.
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Figure 21. Final Displacement Results of the Wing

In this study, the final result of normal mod analysis is shown in Figure 22. As a result of the
modal analysis, 9.7 mm displacement is occurred via the minimum frequency, and 12.3 mm
displacement is occurred via the maximum frequency.
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Figure 22. Final Normal Mod Analysis Result of the Wing: a) Mod1=7.90Hz b) Mod2=35.23
Hz

At the end of the research, the initial and final weights are indicated in Table 10.
Table 10- Comparison of Initial and Final Normal Mod Analysis

Mass (kg)
Initial Wing Design 83.35
Final Wing Design 77.67 (-6.8% reduction)
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In the weight minimization process, the constraints are given by considering to improve
structural results. Final displacement is increased by nearly 1% as Table 11. Besides, the
minimum frequency is increased by 15% as Table 12.

Table 11- Comparison of Initial and Final Statically Result

Displacement (mm)

Initial Wing Design 2.92x1072

Final Wing Design 2.94x1072 (only 1% increase)

Table 12- Comparison of Initial and Final Normal Mod Analysis

Minimum Frequency (Hz)
Initial Wing Design 6.85
Final Wing Design 7.90 (increased by 15.3%)
Conclusion

In this paper, surrogate-based optimization (SBO) with infill sampling criteria is applied to a
multidisciplinary feasible (MDF) structure. The effect of SBO on the optimum results was
examined by comparing with other gradient-base optimization methods. It is demonstrated that
the better optimum result is from the SBO methodology. The developed methodology does not
stack at local optimum results. Another advantage of this method is the method that decreases
calling analysis results with an automatic setup. However, there is a lot of sub-optimization by
using it, which brings increased computation cost. Thus, the method is proper for high
dimensional optimization problems to find a global optimum.
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Welding Current Effect on Failure Analysis of a Welded Dissimilar Metal Beam

Miiberra Riiveyda KOCAK *
Mehmet YETMEZ ?

Abstract

Gas metal arc welding is one of the major solution procedures for design problem in structures,
and often it is preferred to maximize the structural strength to decrease the joint problems. For
the structural stability, effect of gas metal arc welding process parameters is still important in
design industries. In this study, failure analysis of a clamped-free beam with two dissimilar
metals (brass and steel) having similar welding geometry is investigated. Two different welding
currents (90 and 140 A) with constant voltage (24 V) and welding speed (40 mm/min) are
considered. Then, the welded beam analysis is done with the general-purpose finite element
codes Ansys Workbench. In order to verify the numerical model, an experimental modal
analysis is conducted such a way that an impulse hammer with a force transducer is used to
excite each of the composite beams through the selected point. It is seen that there is good
agreement between the experimental and numerical results. Finally, for the sake of
understanding effect of gas metal arc welding process parameters, failure analysis of the welded
dissimilar metal beams under bending loading are completed by the verified numerical model.
Results are given in both tabular and graphical forms.

Keywords: Bimaterial, Welding parameter, Beam, Failure, Finite element model
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Introduction

Welding is an indispensable manufacturing process. A range of welding procedures including
Shielded Metal Arc Welding (SMAW), Gas Tungsten Arc Welding (GTAW), Gas Metal Arc
Welding (GMAW) and Flux Cored Arc Welding (FCAW) are utilized in industrial settings.
Welding technology has gained access to virtually every manufacturing sector. These include,
but are not limited to, the production of ships, railroad equipment, buildings, pipelines, nuclear
power plants, aircraft, and automobiles (Munteanu, 2016:1), (Singh et al., 2012:12). With the
growing requirement for cost-efficient manufacturing of high-performance structural
components in these industries, there has been a corresponding rise in the necessity for joining
dissimilar metals (Darwish, 2004:347) ,(Serindag and Cam, 2023:7039).

Dissimilar welding of metals and metal alloys may be accomplished through the use of several
welding techniques (Abioye et al.,2017:225). Kah (Kah and Jukka Martikainen, 2013:269) and
Avery (Avery, 1991) classified the most frequently used welding processes for dissimilar
materials as fusion welds (shielded metal arc, gas metal arc, gas tungsten arc), low dilution
welds (electron beam welding, laser beam and plasma arc), and non-fusion welds (friction
welding, explosion welding). Avery considered that all fusion welds are dissimilar metal welds
as they join metals with a wrought structure to form welds with a cast structure. Usually,
dissimilar metal joints are fused, while the other two methods are primarily utilized for high
productivity and special applications (Avery, 1991), (Vijayakumar et al., 2023:3).

Finite element modeling has been extensively employed in simulating weld-bonded joints. This
is crucial as it provides the essential physical understanding of the behavior of welded joints.
Finite element modelling cannot accurately approximate the mechanical properties without
taking into account the plastic properties of the specimen (Al-Bahkali, 2009:388), (Cavalli et
al., 2004:133).

In this study, failure analysis of a clamped-free beam with two dissimilar metals (brass and
steel) having similar welding geometry is investigated. Two different welding currents (90 and
140 A) with constant voltage (24 V) and welding speed (40 mm/min) are considered. Then, the
welded beam analysis is done with the general-purpose finite element codes Ansys Workbench.
In order to verify the numerical model, an experimental modal analysis is conducted such a
way that an impulse hammer with a force transducer is used to excite each of the composite
beams through the selected point. It is seen that there is good agreement between the
experimental and numerical results. Finally, for the sake of understanding effect of gas metal
arc welding process parameters, failure analysis of the welded dissimilar metal beams under
bending loading are completed by the verified numerical model. Results are given in both
tabular and graphical forms.

Material and Methods

According to the failure analysis of a clamped-free beam with two dissimilar metals, brass
(p=8500 kg/m3, E=100 GPa and v=0.33) and steel (p=7850 kg/m?, E=200 GPa and v=0.3) are
considered.

In experimental part, clamped-free beam with two dissimilar metals is 165 mm in length. 50
mm in width and 20 mm in thickness (see Figure 1). Welding width and depth for both
specimens (namely 90A and 140A) are 18 and 9 mm respectively. Vibration measurements are
conducted such a way that an impulse hammer with a force transducer (Model No: 5800B2,
Dytran Instruments, Inc., USA) is used to excite each of the composite beams through the
selected point. Then, the responses are obtained by an accelerometer (Model No: 3093B,
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Dytran Instruments, Inc., USA). The vibration measurements are completed using a
microprocessor-based data acquisition system, namely SoMat™ eDAQ-lite and nCode
GlyphWorks software (HBM, Inc., USA).

In computational part, the general-purpose finite element code Ansys Workbench is used. In
Ansys workbench, hex dominant was used as the method and quadrilateral and triangular were
used as element types. The number of nodes in the model is 173196 and the number of elements
is 39117.

\J 20 mm

Figure 1. Geometrical representation of a clamped-free beam with two dissimilar metals.

Results

Dynamically, on one hand, in order to verify the finite element models of welded beam with
90 A, namely 90A and welded beam with 140 A namely 140A, experimental results of first
three frequencies and their damping ratios (see Table 1 and 2) are compared with those of the
numerical results. The comparison results are given in Table 3. Results conclude that (i) results
of the numerical models are compatible with the experimental findings, (ii) the models are
useful for dynamic analysis in frequency domain.

Table 1. Values of measured first three natural frequencies (@) of a clamped-free beam with
two dissimilar metals.

Name | @i(Hz) @2 (HZ) 3 (H2)
90A 210.97 503.2 1105
140A | 212.14 505.62 1152.4
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Table 2. Values of measured first three damping ratios (¢) of a clamped-free beam with two
dissimilar metals.

Name | 4] {2 {3
90A |[0.39 0.001 0.001
140A 10.61 0.001 0.001

Table 3. Comparison of experimental and numerical results for first three natural
frequencies (Hz).

Experimental Numerical

Name W1 2 3 1 2 3
90 A 210.97 503.2 1105 211.26 501.85 1105.5
140 A | 212.14 505.62 1152.4 213.59 507.42 1156.2

Statically, on the other hand, linear variations of major stresses Gx and Tyz for both welded
beam with 90 A and welded beam with 140 A models are presented in Figures 2 and 3. One

can conclude that (i) increasing welding current increases moderately values of Oy, (ii)
increasing welding current decreases moderately values of Tyz.

Variation of o, for groups 90A and 140A
4.23

4.22
4.21
42

& 4.19
4.18
4.17
4.16
4.15

90A ) 140A
Welding Current (A)

Figure 2. Variation of ox for groups 90A and 140A.
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Variation of 1, for groups 90A and 140A

0.012
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0.008
> 0.006
0.004
0.002
0
90A 140A
Welding Current (A)
Figure 3. Variation of 7y; for groups 90A and 140A.
Conclusion

In this study, failure analysis of a clamped-free beam with two dissimilar metals (brass and
steel) having similar welding geometry is investigated. Two different welding currents (90 and
140 A) with constant voltage (24 V) and welding speed (40 mm/min) are considered. Then, the
welded beam analysis is done with the general-purpose finite element codes Ansys Workbench.
In order to verify the numerical model, an experimental modal analysis is conducted. It is
concluded that there is good agreement between the experimental and numerical results. Finally,

results of the linear variations of major stresses Gx and Tyz for both welded beam with 90 A
and welded beam with 140 A models are concluded that (i) increasing welding current increases

moderately values of O, (ii) increasing welding current decreases moderately values of Tyz.
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E-Ticaret Firmalan icin Mobil Cihazlardan Veri Toplama ve Makine Ogrenmesi Destekli Analiz

Gerceklestiren Yazilhm Sistemi Tasarimm

Ogiin KARABULUT"
Dervis OZDEMIR?
Songiil GOCER’
Buket DOGAN"

Ozet

Giderek yayginlasan mobil uygulamalar bu ortam {izerinde iiretilen veri miktarint da
artirmistir. Mobil ortam kullanicilarinin tirettikleri verinin toplanmasi ve analiz edilmesi daha
iyl miisteri deneyimi yasanmasi ve firmalarin daha iyi hizmet, dneri ve satis kampanyalar
yapilmasi agisindan firsatlar igermektedir. Bu ¢aligmada miisterilerin mobil cihazlari iizerinde
yapmis olduklar tiim hareketler (ziyaret ettikleri siteler, mobil cihazlarda kullandiklar
uygulamalar gibi ) depolanip, analiz edilerek, miisterilere anlik geri bildirim ve yonlendirmeler
yapacak bir platformun tasarimi gergeklestirilmektedir. Tasarlanan bu sistem; miisterilerin
mobil cihazlarda iirettikleri anlik ziyaret ettikleri internet siteleri hareketlerini toplayarak,
analiz edilmesini ve anlik olarak birliktelik kurali ve siralt 6riintii kesfi gibi makine 6grenmesi
yontemleriyle eylem iiretebilecektir. Mobil cihaz kullanan miisterilerin veya potansiyel
miisterilerin ziyaret ettikleri internet sitelerinin veri analizi yapilarak, misterilerin
operatorlerine gore daha ¢ok hangi sitelerde islem yaptiklari veya bu sitelerin arasindaki
iliskilerin ¢ikartilmasi hedeflenmektedir. Tasarlanan sistemde e-ticaret sitesinin anlik olarak
uygulamay1 kullanan kullanicilarin hareketleri ile olusan log verisi Kafka ile yakalanacak ve
ardindan ger¢ek zamanl veri isleme i¢in Flink teknolojisi kullanilacaktir. Burada yakalanan ve
islenen veriler daha sonra analiz etmek ve islenmek iizere Hadoop ortamina ve egilim analizleri
icin sistem modiillerinin oldugu analitik modiillere yonlendirilecektir. Miisterilerin dijital
platformlar iizerinde gezintilerinin hangi oriintiiler lizerinde yogunlastiginin ve bu oriintiilerin
nasil birliktelik gosterdiginin analiz edilmesi i¢in Apriori, FP-Growth ve PrefixSpan
yontemlerinin kullanilmasi planlanmaktadir. Bu islemleri gerceklestirmek igin tasarlanan
modiillerden verilerin anlik yakalanmasi ve depolanmasi modiilii verilerin toplanmasi ve
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saklanmasi i¢in kullanilacaktir. Kullanicilarin ziyaret ettikleri web siteleri ve kullandiklari
uygulamalar1 sektorel olarak bir varlik olarak iglenip etiketlemek igin varlik etiketleme modiilii
kullanilacaktir. Miisterilerin davranis egilimlerinin analiz edilmesini ise miisteri egilim
analitigi modiili tarafindan saglanacak ve yonlendirme/ geri bildirim sunmak i¢in anlik
aksiyon modiilii kullanilacaktir. Bu c¢alismada sunulan modiiller aracilig1 ile olusturulacak
sistem; miisterilerin davranis egilimlerinin analiz edilmesini ve ekonomik faydaya dontisecek
onerilerin olusturulmasini saglayacaktir.

Anahtar Kelimeler: Mobil Veri, E-Ticaret, Birliktelik Kurallar1, Kafka, Flink
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GIRIS

Kullanimi giderek yayginlasan mobil cihazlardaki verilerin 6ngoriisel ve tanimsal kullanimini
saglayacak sistemler giderek Onem kazanmaktadir. E-Ticaret sektorii incelendiginde;
cogunlukla firmalar1 miisterilerinin kendi platformu iizerinde yaptiklari hareket ve davraniglara
odaklanmaktadir ve Onerilere platform ici iiriinler ile kisith kalmaktadir. Oysa miisterilerin
mobil cihazlarda gergeklestirdigi tiim hareketlerin toplanmasi, analiz edilmesi ve anlaml
sonuglar ¢ikarilmasi son derece énemli bir konudur. Calisma kapsaminda hedeflenen amag
ilgili platformun mobil uygulamasini kullanan miisterilerin platform haricinde yaptiklar
miisteri hareketlerinin anlik olarak analiz edilerek benzer nitelikte is birligi icerisinde oldugu
{iriinii / firmay1 énermesini saglayacak bir sistemin olusturulmasidir. Ornek olarak, A alisveris
platformu kullanan bir miisterinin anlik olarak sigorta ihtiyac1 oldugunu tespit edip, miisteriye
anlasmali oldugu sigorta sirketlerini onerecek bir sistem hedeflenmektedir. Oneri sistemi
sadece sigorta ile limitli kalmayip banka, perakende, yemek, haber sitesi, sosyal platformlar,
seyahat, tatil gibi bir¢ok sektor i¢in 6neride bulunacaktir.

Bu calisma kapsaminda, miisterilerin mobil cihazlari izerinde yapmis olduklari tiim hareketler
(ziyaret ettikleri siteler, mobil cihazlarda kullandiklari uygulamalar) depolanip analiz edilerek,
miisterilere anlik geri bildirim ve yonlendirmelerde bulunacak bir yazilim sistemi tasarimi
gerceklestirilmesi amaglanmaktadir. Miisterilerin davranis egilimlerinin analiz edilmesi ve
yolculuk hareketlerinin analiz edilmesi i¢in “Miisteri Egilim Analitigi Modiili”
gelistirilecektir. Bu modiil ile miisterilere ekonomik faydaya doniisecek oOnerilerle gidilmesi
hedeflenmektedir. Modiil igerisinde miisterilerin gerek sirali birliktelik analizlerinin yapilmast,
gerekse capraz satis ihtimallerinin tespit edilmesi saglanacaktir. Bu amagla, Karmasik Olay
Isleme (KOI) teknigi ile veriler arasinda birliktelik kurali analizi (association) ve tekrarlanan
veri lizerinde Oriintii analizi tekniklerinin kullanilmasi1 hedeflenmektedir. Bu gereksinimlere
uygun farkli algoritmalar denenirken, Apriori (Agrawal ve Srikant, 1994), Eclat (Ruiz vd.,
2023), FP-Growth (Borgelt, 2005) gibi yaygin kullanilan birliktelik analiz algoritmalarini da
destekleyen bir kiitliphane gelistirilecektir. Bu kiitiiphane "aktivite" birlikteliklerini ortaya
cikarmak amaciyla ilgili algoritmalarin yliksek performansh sekilde, dagitik veri platformu
lizerinde kosturabilecek formda olacaktir. Gelistirilen yoOntemlerin performanslar
karsilastirilacak ve ¢alisma kapsaminda elde edilecek veri seti iizerinde en basarili sonuglar
veren birliktelik ¢ikarim algoritmasmin ya da algoritmalarinin kural Onerilmesi ig¢in
kullanilmas1 saglanacaktir.

E-ticaret sistemleri igerisinde kisisellestirilmis Oneri sistemlerinin kullanimina ait literatiirde
farkli 6rnekler yer almaktadir. Fuad ve digerleri (2020) tarafindan gergeklestirilen calismada
kisisellestirilmis uygulama Onerileri i¢in igerik tabanl filtrelemeyi uygulama profilleriyle
sorunsuz bir sekilde birlestiren bir model dnerilmistir. Uygulama se¢gmek ve temel 6zellikleri
cikarmak i¢in Google Play uygulama magazasinda bulunan uygulamalar1 analiz edilerek bu
ozellikleri uygulama profilleri olusturmak i¢in kullanilmistir. Kiigiik boyutlu uygulamalarin
daha fazla incelemeye sahip oldugunu, dolayisiyla daha fazla yiikleme yapildigi sonucu elde
edilmistir. Gnotthivongsa ve Huang (2020) tarafindan gergeklestirilen calismada ise gergek
diinyadaki bir mobil uygulama pazarindan agik geri bildirim almak i¢in web tarama teknigini
kullanan bir mobil uygulama alani 6nerilmektedir. Bu ¢alismanin asil amaci kullanici ilgisi ve
siniflandirma bilgilerine dayali bir mobil uygulama 6neri modeli olugturmak ve yeni bir toplu
matris ¢arpanlarina ayirma algoritmas1 onermektir. Ayrica, bu ¢alismada Apple Store'dan
alman gercek diinya verileri kullanilmis ve bir veri kiimesi olusturulmustur. Sonug olarak
Onerilen yontem, geleneksel Oneri sistemiyle karsilastirildiginda mobil uygulamalar1 6nermek
icin baglamsal bilgilerin etkinligini gostermektedir. Zhao ve Jin (2022) tarafindan
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gergeklestirilen caligmada tavsiye sistemleri alaninda en son metodolojilerin karsilastirilmasina
dayali olarak bir model tasarlanmis ve karsilastirma analizi, tasarlanan modelin genel
performansini yansitmistir. Uygulama kisminda ilk olarak, kullanicinin yeni 6geye iliskin
puanini tahmin etmek i¢in 6ge tabanli 6neri teknolojisini kullanan ve son olarak, benzer dgeler
kapsaminda komsu kullanicilar1 hesaplamak ve nihai sonucu vermek i¢in kullanici tabanlt
isbirlikci filtreleme Onerisini kullanan isbirlikci filtreleme (Collaborative filtering) teknolojisi
kullanilmistir. Bu kombinasyon algoritmasi ayrica miisterilerin kisisel bilgilerini kullanarak
tavsiyeye yeni 6geler kazandirabilme 6zelligine sahiptir. Agrawal ve Srikant (1994) tarafindan
ortaya konan Apriori algoritmasi birliktelik kurali analizi alaninda biiyiik veri kiimelerinde
etkili bir sekilde birliktelik kurallari ¢ikarma yetenegini gdstermistir. Bu algoritma, biiytik veri
kiimelerindeki desenleri hizli bir sekilde analiz etme kapasitesi sayesinde veri madenciligi
uygulamalarinda yaygin bir sekilde kullanilmistir. Zaki ve digerleri (1997) tarafindan
gerceklestirilen calismada, Eclat algoritmasi lizerine odaklanarak, 6zellikle veri madenciligi ve
iliski kurallar1 ¢ikarma alaninda yeni ve etkili yontemlerin gelistirilmesine odaklanilmaktadir.
Eclat, Apriori gibi veritabanindaki frekanshi 6ge kiimelerini kesfetmek i¢in kullanilan bir
algoritmadir. Han ve digerleri (2000) tarafindan gerceklestirilen ¢alismada, FP-tree yapisi ve
FP-growth algoritmas: birliktelik kurali analizi i¢in Onerilmektedir. FP-growth, biiyilik
veritabanlarini sikistirarak, aday kiime iiretimini azaltarak ve bol-fethet yontemiyle etkili bir
sekilde sik goriilen desenleri madenciligini gerceklestirir. Performans g¢aligmalari, FP-
growth'un Apriori'den ve diger yeni yontemlerden onemli Ol¢lide daha hizli oldugunu
gostermektedir.

YONTEM

Mobil teknolojiler ile kullanicilar farkli sektorlere ait birgok islemi gerceklestirilmektedir.
Mobil teknolojilerin hizla yayginlasmasi ile kullanici davraniglarinin analiz edilmesi i¢in
giivenilir bir kaynak haline gelmistir. Mobil cihazlardan elde edilen veriler miisteri
aliskanliklarini tespit etmek, uygun anlarini belirlemek ve kisiye 6zel tekliflerde bulunmak
mimkiindiir. Ek olarak miisterilerin aligveris platformu tlizerindeki davranislari; ne kadar
siklikta aligveris yapildigi, ne alindigi, belirli zaman periyotlarinda ne kadar harcadigi, limit
problem yasayip yasamadigi, aldigi irlinlerin segmentleri (ihtiyag, lilks vs.) miisterilerin
davraniglar1 hakkinda detayli bilgi saglamaktadir. Bu c¢aligma ile tiim bu verilerin analiz
edilerek anlik 6neri ve aksiyonlarda bulunacagi bir platform elde edilecektir.

Tasarlanan sistemin hedef kitlesi E-ticaret sirketleridir. Bu sirketler, proje ¢iktis1 iiriini
kullanarak kendi sektorleri disindaki (banka, sigorta, gida aligveris sitesi, yemek siparis sitesi,
oyun uygulamasi, haber uygulamasi gibi) sektorler i¢in ¢apraz satis firsati olusturtacaklardir.
Miisterilerinin kendi satis platformuna bagliliklarini dolayisiyla miisteri yasam siiresi ve
memnuniyetini arttiracaktir. Bu hedef kitlesinin se¢im nedeni E-Ticaret sektdriiniin finansal
bliyiikliigii, her gecen yil artis gdstermesi ve miisterilerin mobil cihazlar ve satig platformlar
tizerinde biraktiklar1 davranis verilerinin toplanabilmesi ve analiz edilmesine dair yontem ve
araglar mevcuttur.

Calisma kapsaminda miisterilerin mobil cihazlarda iirettikleri anlik hareketleri takip edecek,
bu verileri gegmis hareketlerle yorumlayacak, anlamlandirarak bilgiye doniistiirecek ve bu
bilgiler dogrultusunda anlik olarak makine 6grenmesi yontemleriyle eylem {iretebilecek bir
sistem gelistirilmesi hedeflenmektedir. Bu sayede mobil cihaz kullanan miisterilerin veya
potansiyel miisterilerin ziyaret ettikleri internet sitelerin verileri analiz edilerek, miisterilerin
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operatorlerine gore daha ¢ok hangi sitelerde islem yaptiklar1 veya bu sitelerin arasindaki
iligkilerin ¢ikartilmasi hedeflenmektedir.

Verilerin anlik olarak yakalanmasinda, “Apache Kafka” teknolojisi kullanilacaktir. Bu
teknolojinin segilmesinde iki ana faktor vardir. Ilki iliskisel olamayan veri sistemleri iizerinde
protokol ve sistemden bagimsiz calisma kabiliyetidir. ikinci ana neden ise bu teknolojinin
milisaniyeler seviyesinde bir gecikme ile ger¢ek zamanl olarak verileri yakalayabilmesidir.
Ayrica “Apache Kafka” teknolojisinin Konu Cogaltma (Topic Replication) 6zelligi sayesinde
sunuculardan birinde sorun olmasi (offline duruma gegmesi vb.) durumunda bile konunun
(topic) kopyasi ile (replica) ile sistemin devam etmesini ve veri kaybinin Oniine ge¢ilmesini
saglar.

Sistemi besleyecek olan bilgi akimlariin ger¢ek zamanl analiz edilmesi, dagitik veri tabanina
yazilmasi, yine ger¢ek zamanli olarak onceden beyan edilen sorgularla filtrelenmesi ve
islemlerin optimum bir sekilde nasil yapilabileceginin tanimlanabilmesi 6nemli
gereksinimlerdendir. Hedef firmalarin dijital platformlari, miisterilerinin davranis hareketleri
verilerinde bdylesi 6nem tastyan durumlari tespit edememektedir. Burada; sistemi besleyecek
olan bilgi akimlarinin gergek zamanli analiz edilmesi, dagitik veri tabanina yazilmasi, gergek
zamanli olarak dnceden beyan-edilen sorgularla filtrelenmesi islemlerinin optimum bir sekilde
nasil yapilabilecegi konusu tlizerinde aktif olarak calisilan bir arastirma alanidir. (Matthias J.
Sax vd., 2018)

Anlik olarak yakalanan verilerin depolanmasi i¢in iki ayr1 depolama mimarisi kullanilacaktir.
Kafka ile anlik olarak yakalanan veriler Redis iizerine yazilacaktir. Burada ilk olarak HDFS
degil de Redis se¢ilme nedeni Redis'in disk tizerinde degil hafiza iizerine (in-memory) veriyi
tutma kabiliyetidir.Bu sayede disklere erisim ihtiyac1 ortadan kaldirilarak daha az islem
gerektiren basit algoritmalar ile verilere ulasilmasi saglanir . Verinin anlik olarak depolanmasi
bu teknoloji ile saglanacaktir. Bunlarin yaninda Redis, koklii bir acik kaynak projesidir ve
Twitter, GitHub, Tumblr, Pinterest, Instagram, Hulu, Flickr ve The New York Times gibi
biiylik sirketler tarafindan iiretim (production) ortaminda kullanilmaktadir. Redis tizerinde
tutulan veriler belirli frekanslar ile HDFS tizerine aktarilacaktir. Hadoop teknolojisi ise yapisal
olmayan verileri esnek olarak tutmasi ve gercek zamanlt analiz etme imkan1 saglamasindan
otiirii tercih edilmistir. Islenecek verinin hacimsel biiyiikliigii ve e-ticaret verisinin logaritmik
olarak artmas1 da HDFS'in 6l¢eklendirilme kabiliyeti agisindan se¢ilmesinde kritiktir. (Ismail
vd., 2017)

Kullanici davranis egilimlerinin analiz edilmesi ve yolculuk hareketlerinin analiz edilmesi igin
Karmasik Olay Isleme (KOI) teknigi kullanacaktir. Mobil kullanicilarimin cihazlarda iirettigi
karmasik ve endirekt olaylar iliskilendirmek iizere bu teknik kullanilacaktir. Verilerin gergek
zamanli analiz edilme ihtiyaci ve miisterilerin davranislarindaki karmagiklik firmalarm mevcut
e-ticaret platformlarinin bdylesi 6nem tasiyan verileri tespit edememektedir. Bu calismada
ortaya konacak sistem sayesinde ger¢ek zamanli verilerinin analizi miimkiin hale getirilmis
olacaktir.

KOI yéntemine ek olarak davramis analizleri icin kiimeleme (clustering) teknigi, veriler
arasinda birliktelik kurali analizi (association rule mining) ve tekrarlanan veri {izerinde oriintii
analizi tekniklerinin kullanilmas1 hedeflenmektedir. Bu gereksinimlere uygun farkli
algoritmalar denenirken, Apriori, Eclat, FP-Growth gibi yaygin kullanilan algoritmalar1 da
destekleyen bir kiitiiphane gelistirilecektir. (Patel, 2022; Srinadh, 2022; Ruiz vd., 2023).
Hedeflenen uygulamamiz igerisinde, Kullanicilarin mobil cihazlarinda ziyaret ettikleri siteler,
kullandiklar1 uygulamalar, mobil cihaz markalar1 ve GSM operatorleri birer varlik olarak
tanimlanmigtir. Uygulama igerisinde varliklarin simiflandirilmast -uygulama veya sitenin
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konusunun tespit edilmesi- ¢ok genis ve kapsami bir arastirma konusudur. Burada uygulama
ve sitelerin ¢oklugu ve dil c¢esitliligi konulari, metin madenciligi ve siiflandirma
algoritmalarinin kullanimini zorlastirmaktadir. Hedeflenen ¢6ziim mimarisinde Tiirkge Dogal
Dil isleme i¢cin VNGRS tarafindan gelistirilen agik kaynak kodlu VNL ve starlang tarafindan
acik kaynak kodlu sunulan KeNet, HisNet ve TropBank kullanilacaktir. Bunlarin se¢ilme
nedenleri Tiirkge dili igin gelistirilmis en iyi agik kaynak kodlar olmasidir. Ingilizce Dogal Dil
Isleme i¢in NLTK hedeflenmektedir. Dogal dil ara¢ seti (NLTK), Python'da yazilmis ve
arkasinda biiytik bir topluluga sahip olan dogal dil isleme (NLP) i¢in en popiiler kiitiiphanedir.
Varlik etiketleme i¢in diger bir arastirma konumuz da sitelerin birbirlerine benzerlikleri ile
etiketlenmesidir. Belli sektorler icin (banka, tatil, sigorta, haber siteleri) uygulama igerisine
tanitilacak olan siteler ile kullanicinin dolastigi sitelerin benzerlik oranlar1 tespit edilip
etiketlenecektir.
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Sekil 1. Genel Sistem Mimarisi

Sekil 1, kullanici arayiizlerini kullanan sistem yoneticisi bakis agisiyla numaralandirilmistir.
Sistem veri akis modeli e-ticaret sitesinin anlik olarak uygulamayi kullanan kullanicilarin
hareketleri ile olusan log datasin1 Kafka ile yakalamaktadir (7). Ardindan gercek zamanli veri
isleme i¢in Flink ile Kafka Message Bus’lar iletisim kuracaktir(8). Burada yakalanan ve
islenen veriler daha sonra analiz etmek ve islenmek iizere Hadoop ortamina (9) ve Egilim
Analizleri igin sistem modiillerinin oldugu analitik modiillere; Bir Sonraki En Iyi Eylem
Modiilii’ne (2), Capraz Satis Modiilii’ne (3), Miisteri Profilleme Modiilii'ne (4) ve Miisteri
Analitik Modiilii'ne (5) gonderilecektir. (10) Sistemin tiim veri akisinda uygulama modiilleri
yetkilendirme gibi kisimlarin log, yetkilendirme ve kullanici islemleri i¢in yonetim modiiller
(6) kullanilmaktadir.

Anlik Veri Depolanmasi i¢cin MongoDB uygulamasi kullanilacaktir. NoSQL veri tabanlar
arasinda agik kaynakli ve siirekli destek verilmesinden dolay1 se¢ilmistir. Kullanici Davranis
Egilimlerinin belirlenmesi igin Birliktelik Kurali Analizi, Sirali Oriintii Kesfi yontemleri
kullanilmast planlanmaktadir. Bu yontemlerin ¢iktilart son kullanici arayiiziinde ayri ayr
raporlar olarak sunulacaktir. Bu raporlar ile hedefledigimiz sistem {iizerinden kampanya
potansiyeli olan miisterilerle etkilesime gecebilmek ve c¢apraz satis ile hizmet verilen
platformlara (e-ticaret sirketleri) kar potansiyeli sunmak hedeflenmektedir.
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Anlik aksiyon modiilii ve verilerin islenmesi i¢in Apache Flink uygulamasi kullanilacaktir. Bu
faalitetler i¢in Flink teknolojisi secilme nedenlerinin basinda veriyi hem anlik hem de yigin
olarak olarak isleyebilme oOzelligidir. Flink ayrica FlinkML adli kendi makine &grenme
kiitliphanesine, kendi SQL Sorgusu'na (MRQL) ve grafik isleme kiitiiphanelerine sahiptir.
Flink ayrica siirekli akis modeli i¢in oldukca esnek bir akis penceresi sunar. Bu hem toplu isin
hem de ger¢ek zamanli akisin bir sisteme entegre edilmesini saglar (Deepthi vd., 2023).
Miisteri Etkilesim Modiilii Miisteri memnuniyeti ya da pazarlama odakli olarak, miisteriye
anlik geri bildirimlerde ve yonlendirmelerde bulunulmasi icin Karmasik Olay Isleme (KOI)
teknigi kullanilarak gelistirilen modiildiir. Gelistirilen Oriintii ve kurallar son kullaniciya
sunulan birliktelik kurallar1 ve sirali 6riintii kesfi ¢iktilarina bagli olarak gelistirici inisiyatifinde
olusturabilecektir. KOI faaliyetleri icerisinde miisteri hareketlerinin kaydedilmesi ve islenmesi
saglanacaktir. KOI miisteri hareketlerine ait oriintiilerin ¢ikarilmasi, aksiyonlara baglanmasi/
onaylanmasi, Oriintiilerin gergek zamanli kontrolii ve gercek zamanl aksiyon alinmasindan
sorumlu olacaktir.

Bir Sonraki En lyi Eylem Modiilii Basarili bir sekilde gergeklesmis miisteri tutundurma
aksiyonlar1 i¢inde sirali aksiyon birlikteliklerinin bulunabilmesi i¢in gelistirilmis modiildiir.
Miisterilerin dijital platform iizerindeki gezintilerindeki gizli birliktelik kurallarini ortaya
cikarmaktadir. Hesaplanan bu birliktelikler ile miisterilerin yonelimleri etkin bir bigimde
gosterilmektedir. Gergeklestirilecek analiz sonuglar1 yardimi ile miisterilere sunulacak olan
iirlin veya hizmet daha ¢ok ilgi ¢cekmesi saglanmaktadir.

Capraz Satis Modiilii Kullanicilara ekonomik faydaya doniisecek capraz-satis, iist-satis
kampanya Onerileri yapilabilmesi i¢in gelistirilmis modiildiir. Bu 6nerilerin yapilabilmesi i¢in
birliktelik kurallarima dayali bir Oneri sistemi gelistirilmigtir. Birliktelik kurallar1 ¢ikartma
algoritmalari, bir islem kaydinda bir aktivitenin bulunma olasiligi, ayni islem kaydindaki diger
aktivitelerin bulunma olasiliklariyla tahmin edecek ve bir dizi kural 6nerisi yapabilecektir.
Miisteri Profilleme Modiilii Miisteri davranisi profilleme modiilii ile kullanicilarin gezinti
yaptigt web siteleri lizerindeki davraniglarinin segmente edilmesi saglanmistir. Yiiksek
performansta kiimeleme analizi yapabilmek icin paralellestirilmis algoritmalarin nasil
gelistirilebilecegi de belirlenecektir. Miisteri tiklama verilerinin (etkilesim veriler) dagitik
saklama ortaminda (HDFS) tutulmasini ve dagitik veri isleme kiitiiphaneleri (Apache Spark
MLIib) kullanilarak islenmesini saglanmistir. Esle-Indirge programlama modeline dayali
gelistirilen kiitiiphaneler secilmistir.

Miisteri Analitik Modiilii Miisterilerin iiriin ve hizmetlerle etkilesiminden olusan deneyim
yolculugunu gorsellestirmek i¢in tiinel analizi, Sankey diyagramlari ve miisteri yolculugu
haritalar1 Yonetici Panelinde ¢izilmesi planlanmistir. Bunun i¢in mevcut agik kaynak kodlu
kiitiphanelerin ~ kullanilmas1  planlanmaktadir. PySpark kiitiiphaneleri  kullanilarak
kullanicilarin gezinti yaptiklar siteler iizerinde yaptiklar1 kullanim durumlarinin analizini
yapilabilmesi planlanmaktadir.

Miisteri Analitik Modiilii (5), Capraz Satis Modiilii (3), Bir Sonraki En Iyi Eylem Modiilii (2)
ve Miisteri Profilleme Modiilii (4) kapsaminda kullanilan Makine 6grenmesi ve Spark
Algoritmalarinin belli araliklarla calisarak ¢ikti verilerinin daha dogru ve tutarli olmasini
saglayan teknoloji ve gelistirmelerdir.

Stirekli akan miisteri verisi sistemde biriktirildiginden, makine oOgrenmesi ve Spark
algoritmalarinin giincel veri ile belirlenen sikliklarda egitilmesi aym1 zamanda algoritma
ciktilarinin yeni veri ile iiretilmesi miisteri egilimlerinin daha dogru yorumlanmasi ve daha
tutarli kampanya tanimlamalar i¢in dnemlidir.
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Bildirimler (Notification) Modiilii ise Miisteri Etkilesim Modiilii ile miisteriye anlik
aksiyonlarin dijital ortamda pop-up ekrani, SMS ile anlik etkilesime gecilmesini veya Miisteri
Hizmetlerine anlik bilgileri gonderilerek miisteri ile iletisime gecilmesi saglanabilecektir.
Entegre olunacak e-ticaret platformuna miisterinin dahil oldugu birliktelik kurallari,
tanimlanan kampanya bilgileri ve tanimlanan kampanyalara verdigi olumlu/olumsuz tepkiler
Kafka platformu ile iletilecektir. SMS, pop-up ve miisteri hizmetleri entegre olunacak e-ticaret
platformuna ait olacaktir.

Kullanilmas1 Planlanan Teknoloji/Teknik 6zelliklerin 6zeti Tablo 1’de goriilmektedir.

Tablo 1. Calismada Kullanilmas: Planlanan Teknolojiler

Teknik / Teknolojinin Adi / .
Projede Ni¢in Ihtiya¢ Duyuldug
Tanum: J ici iya¢ Duyuldugu
Verilerin Anlik Yakalanmasi ve | Proje kapsaminda, miisterilerin mobil cihazlari iizerinde yapmus olduklari tiim
Depolanmast Modiili hareketlerin depolanip sonrasinda analiz edilerek, miisterilere anlik geri
bildirim ve yonlendirmeler de bulunulmasi igin gerekli verinin depolanmasi
Miisteri Egilim
Analitigi Modiilii Miisterilerin davranis egilimlerinin analiz edilmesi ve yolculuk hareketlerinin
analiz edilmesi
Varlik Eti.lfeitleme Kullanicilarin ziyaret ettikleri web siteleri ve kullandiklari uygulamalar
Modiili sektorel olarak uygulamamiz igerisine bir varlik olarak islenip etiketlenecektir.
Anlik Aksiyon Modiili Anlik olarak miisteriye bir yonlendirme/geri bildirim sunulacaktir.
Kullanic1 Arayiizleri Gelistirilecek iiriiniin son kullanicilar ile etkilesimlerinin yapilabilmesi i¢in
gelistirilecektir.
HDFS Miisteri etkilesim verilerinin saklanmasi igin kullanilacaktir.
Redis Miisteri etkilesim verilerinin bellekte anlik saklanmasi i¢in kullanilacaktir.
Apache Spark
Biiyiik veri isleme ve analizi i¢in kullanilacaktir.
MongoDB Hizli indeksleme ve sorgulama gerektiren rapor JSON objeleri, kural JSON
objelerinin saklanmasi i¢in kullanilacaktir.
Apache Flink Gergek zamanl senaryolarin sisteme entegrasyonu i¢in kullanilacaktir.
Apache Kafka Anlik verinin transferi i¢in kullanilacaktir.
Airflow Analitik ¢iktilar tiretecek kiitiiphanelerin Batch veya Near Real Time olarak
calismasini saglamak icin kullanilacaktir.
Phyton NLTK Ingilizce igerikli sitelerin etiketlenmesinde dogal dil isleme algoritmalar1 i¢in
kullanilacaktir.
KeNet, HisNet ve Tiirkge icerikli sitelerin etiketlenmesinde dogal dil isleme algoritmalari igin
TropBank kullanilacaktir.
SONUCLAR

Bu calismada tasarlanan ¢oziimiin kapsami asagidaki detaylar1 icermektedir:
Miisterilerin cihazlari {izerinde olusturacagi hareketlerin log kayitlarinin dinlenmesi,
Log dosyasindaki anlik kayitlar i¢in web sitelerinin etiketlenmesi,
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Etiketlenen log kayitlarinin yonetici paneli lizerinde tanimlanan sirali birliktelik paternleri ile
karsilastirarak veri analizlerinin yapilmak {izere verinin depolanmasinin saglanmasi,

Log dosyasindan gelen anlik verilerin Birliktelik Kurali ve Sirali Oriintii Kesif Algoritmalari
ile istenilen ¢aligma sikliginda ve yonetici panelinden yonetilen 6zel destek ve giiven degerleri
ile ¢alistirilmas1 miimkiin olacaktir.

Bu tasarim g¢alismalarina gore yapilacak gerceklestirim calismalart ile yazilim igerisindeki
egilim ve birliktelik analiz ¢aligmalar1 sonucunda firmalar; misterilerin hangi sitelere egilim
gosterdiklerini gerek sektor bazli gerekse operator bazli gorme imkani bulacaklardir.

Yonetici panelinde bu ¢iktilar analiz edilerek banka, sigorta, perakende, yemek, haber sitesi
vb. sektorler i¢in analitik modellerinin kurulmasi miimkiin olacaktir.

Bu calismada tasarimi gerceklestirilen sistem ile Mobil cihaz kullanicilarinin veya potansiyel
misterilerin ziyaret ettikleri internet sitelerinin veri analizi yapilarak, miisterilerin
operatorlerine gore daha ¢ok hangi sitelerde igslem yaptiklari veya bu sitelerin arasindaki
iliskilerin ¢ikartilmasi hedeflenmektedir.

Bu detaylar 1s181nda, farkli sektordeki firmalarin ihtiya¢ duydugu rakip analizinin yapilmasi,
kullanicilarinin operatdr bazli egilimlerinin belirlenmesi, proje kapsaminda ¢ok sayida
kullanicitya hizmet veren e-ticaret firmalart i¢in modeller kurulmasi planlanmaktadir. Bu
modelle firmalar analiz sonuglarina gore kullanicilarin en ¢ok ziyaret ettikleri sitelerde tanitim
caligsmalarini artirmaya yoOneltecek ve miisteri sayisinda artig saglayacaktir.

3"International Congress on Multidisciplinary Natural Sciences ICOMNAS-2023), Dec 07-08 2023 | NRERESEEEES
Ankara / TURKEY | 211



3"International

Congress on Multidisciplinary Natural Sciences
ISBN: 978-625-6488-58-8

KAYNAKLAR

Agrawal, R., & Srikant, R. (1994, September). Fast algorithms for mining association rules. In
Proc. 20th int. conf. very large data bases, VLDB (Vol. 1215, pp. 487-499).

Borgelt, C. (2005, August). An Implementation of the FP-growth Algorithm. In Proceedings
of the 1st international workshop on open source data mining: frequent pattern mining
implementations (pp. 1-5).

Dogan, O. (2023). A recommendation system in e-commerce with profit-support fuzzy
association rule mining (p-farm). Journal of Theoretical and Applied Electronic Commerce
Research, 18(2), 831-847.

Deepthi, B. G., Rani, K. S., Krishna, P. V., & Saritha, V. (2023). An efficient architecture for
processing real-time traffic data streams using apache flink. Multimedia Tools and
Applications, 1-17.

Fuad, A., Bayoumi, S., & Al-Yahya, H. (2020). A Recommender System for Mobile
Applications of Google Play Store. International Journal of Advanced Computer Science and
Applications, 11(9).

Gnotthivongsa, N., & Huang, D. J. (2021, August). Rating Prediction for Mobile Applications
via Collective Matrix Factorization Considering App Categories. In Journal of Physics:
Conference Series (Vol. 1993, No. 1, p. 012034). IOP Publishing.

Gulzar, Y., Alwan, A. A., Abdullah, R. M., Abualkishik, A. Z., & Oumrani, M. (2023). OCA:
Ordered Clustering-Based Algorithm for E-Commerce Recommendation System.
Sustainability, 15(4),2947.

Han, J., Pei, J., & Yin, Y. (2000). Mining frequent patterns without candidate generation. ACM
sigmod record, 29(2), 1-12.

Ismail, M., Niazi, S., Ronstrom, M., Haridi, S., & Dowling, J. (2017, May). Scaling HDFS to
more than 1 million operations per second with HopsFS. In 2017 17th IEEE/ACM International
Symposium on Cluster, Cloud and Grid Computing (CCGRID) (pp. 683-688). IEEE

Patel, H. K. (2022). Association Rule Mining Using Retail Market Basket Dataset by Apriori
and FP Growth Algorithms. Journal of Algebraic Statistics, 13(3), 798-803.

Ruiz, F. D. L. C., & Reich, J. C. (2023, January). Apriori, Eclat, and FP-Growth Algorithms to
Study Bacterial VVaginosis. In International Conference on Communication and Computational
Technologies (pp. 1003-1015). Singapore: Springer Nature Singapore.

Sax, M. J., Wang, G., Weidlich, M., & Freytag, J. C. (2018, August). Streams and tables: Two
sides of the same coin. In Proceedings of the International Workshop on Real-Time Business
Intelligence and Analytics (pp. 1-10).

Srinadh, V. (2022). Evaluation of Apriori, FP growth and Eclat Association rule mining
algorithms. International journal of health sciences, (I1), 7475-7485.

Zaki, M. J., Parthasarathy, S., Ogihara, M., & Li, W. (1997, August). New algorithms for fast
discovery of association rules. In KDD (Vol. 97, pp. 283-286).

Zhao, L., & Jin, W. (2022, March). Application of Web Data Mining and Information
Combination Technology in E-commerce. In 2022 International Conference on Electronics
and Renewable Systems (ICEARS) (pp. 1636-1639). IEEE.

3"International Congress on Multidisciplinary Natural Sciences ICOMNAS-2023), Dec 07-08 2023 | NRERESEEEES
Ankara / TURKEY | 212



3"International

Congress on Multidisciplinary Natural Sciences
ISBN: 978-625-6488-58-8

Seliilaz Enzimi ve Yag Teknolojisinde Kullanimi

Osman EREN!
Tahir YUCEL?

Ozet

Glinlimiiz diinyasinda enzimler, ila¢ endiistrisinden gida sanayisine kadar bir¢ok alanda aktif
sekilde kullanilmaktadir. Diinya enzim pazar1 2022 yihi itibariyle yaklasik olarak 12,27 milyar
dolar civari bir ticari hacme sahiptir. 2030 yilina kadar yaklasik olarak % 5-7 arasi biiyiiyecegi
tahmin edilen pazarda gida ve i¢ecek endiistrisi en yiiksek hacme sahip alanlardan biridir. 2026
yilina kadar gida ve icecek sanayisinin endiistriyel enzim hacminin 3 milyar dolardan fazla
olacagr belirtilmektedir (Baglanti 1; Baglanti 2). Enzimleri kisaca biyokatalizér olarak
tanimlayabiliriz. Enzim kaynaklar1 bitki, hayvan ve mikroorganizmalar gibi farkli canlilar
olabilmektedir. Gida sanayisinde enzimler meyve suyu, sarap, sarkiiteri {irilinleri, firmcilik
| iirlinleri gibi farkl alanlarda kullanilmaktadir (Fadiloglu ve Erkmen 2004).
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Giris

Seliilaz, hidrolaz enzim grubuna ait olup yeryiiziiniin en biiyiik biyopolimeri olan seliilozu
parcalayan enzim grubudur. Seliilazlar, mikroorganizmalar, bitkiler ve memeliler hari¢ olmak
iizere hayvanlar tarafindan lretilir ve bagimsiz olarak {i¢ boyutlu sekil kazanan, yap1 ve
fonksiyon olarak ayrik enzim yapilarinin bir araya gelmesiyle olusan bir enzim kompleksidir.
Seliilaz, seliilozlardaki -1,4 baglarini hidrolize eder ve son iiriin olarak glukoz, sellobiyoz ve
sello-oligosakkaritleri meydana getirir (Aygan et al., 2008; Caf 2012; Hiirtas Tatli 2013).
Seliilaz grubunu olugturan enzimler substrat spesifikligine gore veya yapisal dzelliklerine gore
siniflandirilabilir. Bu iki siniflandirmanin haricinde katalitik mekanizmaya gore de siirekli
veya kesikli olarak da siniflandirilabilir; fakat bu siniflandirma metodu ¢ok yaygin kullanilmaz.
Siniflandirma gilintimiizde yaygin olarak substrat spesifikligi tizerinden yapilmaktadir (Davies
and Henrissat, 1995; Aygan et al., 2008; Hiirtas Tatli 2013).

Substrat pesifikligine gore enzimler: (Saddler et al., 1986)

a) Endoglukanazlar (EC 3.2.1.4),

b) Ekzoglukanazlar (Betaglukozidaz (EC 3.2.1.74) ve Sellobiyohidrolazlar ( EC 3.2.1.91)),

c) Sellobiyazlar (EC 3.2.1.21).

Endoglukanazlar, polisakkarit yapisinin i¢ bdlgelerini gelisigiizel hidrolize ederek ¢oziiniir
oligosakkaridik yapilar ile polisakkaritleri meydana getirir (Kumar et al, 2009).
Glukanohidrolazlar (E.C. 3.2.1.74) ve sellobiyohidrolazlar (E.C. 3.2.1.91) ise seliiloz zincirinin
indirgen ve indirgen olmayan u¢larindan sirasiyla hidroliz islemi yaparlar. Sellobiyohidrolazlar
sellobiyozu olustururken Glukanohidrolazlar ise seliilloz zincirinin uglarindan glukoz
birimlerini serbest birakmaktadir. Sellobiyazin (Glikozidazlar) nihai iiriini ise glukozdur
(Sukumaran vd., 2005; Labes et al., -2008). Glukoz ayn1 zamanda sellobiyazin inhibitoriidiir.
Seliilaz enzimlerinin genel bir 6zelligi, hem katalitik bolgeyi hem de substrat baglayan bolgeyi
modiiler sekilde icermesidir. Seliilaz enzimleri sinerjik etkiye sahiptir ve bu sinerjik aktivitenin
birden fazla yolla meydana geldigi belirtilmistir (Sukumaran 2005; Doi et al., 2003).

Yag Teknolojisinde Seliillaz Kullanimi

Gida sanayisinde seliilaz, sektoriin bir¢ok alt alaninda kullanilir. Alkollii icecek endiistrisinde
glukanazlar glukan’in hidrolizi, viskozite problemlerinin ¢oziimii, filtrasyon kalitesinin
arttirilmasi gibi durumlar i¢in kullanilir (Bayer et al., 2007).

Motuk (2020) seliilaz ve papain enzimlerinin soguk pres yontemiyle elde edilen zeytinyagi’na
etkisini incelemistir. Bu ¢aligmada seliilaz enzimi ile muamele edilen Ayvalik ¢esidi zeytinden
elde edilen zeytinyaginin en yiiksek tokoferol igerigine sahip oldugu belirlenmistir. Yine ayni
calismada oleik, linoleik ve arasidonik asitlerin kompozisyonunda onemli farkliliklar
bulunmustur. Calisma neticesinde genel olarak zeytinyaginin eldesi i¢in kullanilmasi 6nerilen
en ideal enzimin seliilaz oldugu belirlenmistir. Yapilan bir diger ¢calismada pektinaz-seliilaz ve
ksilanaz ii¢lii kombinasyonunun yag verimini hem siyah hem de yesil zeytin de arttirdig
belirlenmistir. Yesil zeytinden elde edilen zeytinyaginin fenolik madde miktarinda seliilaz-
ksilanaz kombinasyonu az da olsa artis saglarken siyah zeytinde bu artis daha yiiksek miktarda
olmustur. Fenolik maddeler hem tat olarak arzu edilirken hem de saglik yoniinden 6nemli
bilesenlerdir. Ayrica seliillaz-ksilanaz karisimmin uygulandigi hamurdan elde edilen
zeytinyagindaki klorofil pigmenti miktart ve A vitaminin 6nciilii olan beta karoten miktarinda
kontrol grubuna gore artis oldugu tespit edilmistir. Bu sonucglar gostermektedir ki seliilaz-
ksilanaz enzim kombinasyonunun zeytinyaginin elde edilmesinde istenen sonuglar1 verdigi
gorilmektedir (Hadj-Taieb et al., 2012). Beta glukanaz’in kullanildig1 bir aragtirmada enzim
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kombinasyonunun zeytinyaginda yliksek olmasi istenmeyen asitligi ve peroksit sayisini
azalttig1 ve yine yiiksek olmasi arzu edilen klorofil miktarinda ve zeytinyagi veriminde artis
sagladig belirlenmistir. Bu ¢alisma neticesinde ayrica toplam fenolik bilesen miktarinin ve
zeytinyaginin oksidasyona karsi korunmasini gosteren oksidatif stabilitenin de arttigi
belirlenmistir. Bu arastirmada enzim ilavesinin yag asidi kompozisyonunu da degistirmedigi
belirlenmistir (Icomonou et al., (2010); Biiyiikgok ve Otles (2011). Yukaridaki ¢aligmanin
sonuglariyla paralel olan bir ¢calisma da Ranalli and Serraiocco (1996) tarafindan yapilmustir.
Olivex isimli enzim preparati kullanan arastirmacilar, ¢alismalarinin sonucunda enzim
uygulanan hamurdaki zeytinyagi veriminin, kontrol grubuna gore arttigini bulmuslardir.
Olivex, seliilatik aktiviteyi de igceren bir enzim kombinasyonudur. Bu ¢alisma neticesinde
zeytinyaginda teknolojik ve duyusal kalite gostergeleri olan asidite, peroksit sayisi, karbonil
indeksi, toplam polifenol miktar1 ve oksidasyon stabilitesi gibi parametreler de incelenmistir.
Calismanin sonucunda diisiik olmasi istenen; asitligin, peroksit sayisinin ve karbonil diizeyinin
azaldigy, yiiksek olmasi istenen polifenol icerigi, oksidasyon stabilitesi gibi degerlerin de enzim
uygulamasi sonucu arttig1 belirlenmistir.

1998-99 ve 1999-2000 sezonlarmin zeytinlerinden elde edilen zeytinyaginin igeriklerinin
incelendigi bir projede enzim ilavesinin genel olarak zeytinyaginda arzu edilen degerleri pozitif
yonde etkiledigi belirlenmistir. Ornegin hem Arbequina cesidinden hem de picual gesidinden
elde edilen zeytinyaginin orthodifenol ve non-ortodifenol bilesiklerinin, her iki sezonda da
enzim ilavesiyle artti1 belirlenmistir. Tlave edilen bu enzim karigimlari olivex ve glukaneks
isimli ve her ikisi de seliilotik aktiviteye sahip olan enzim preparatlaridir. Ayni ¢aligmanin
sonuglarina gore enzim preparatlarinin zeytinyaginda istenmeyen bir parametre olan peroksit
sayisini diisiirdiigii ve yliksek olmasi arzu edilen ransimat stabilitesini arttirdig1 belirlenmistir
(Garcia et al., 2001). Huang et al., (2022) yaptig1 bir ¢calismada seliilaz ve pektinaz ilavesinin
yag verimini arttirdigini ve zeytin hamurunun viskozitesini azalttigini belirtmistir. Dobozi et
al., (1988) yaptiklar1 calismada seliilotik enzim preparatlar1 ilavesinin hardal yagi verimini
arttirdigini belirlemislerdir.

Cinnamomum camphora chvar. bitkisinden ugucu yaglarin elde edilmesi zorlu bir islemdir.
Ucucu yaglar bircok alanda kullanilma potansiyeline sahiptir. Yu et al., (2019) yaptiklar
calismada seliilaz destekli damitma metodunun ugucu yag eldesini ciddi oranda arttirdiklarini
bulmustur. Nétral seliilaz destekli metodun, geleneksel distilasyon metoduna gore yag verimini
%358 oraninda arttirdig1 rapor edilmistir.

Misir bitkisinden yag elde edilmesi icin yapilan bir ¢alismada seliillaz enzimlerinin
kullanilmastyla yag veriminin % 90’lara kadar ¢iktig1 rapor edilmistir. Enzim kullanilmadan
yapilan yag cikarma isleminde ise yag verimi yaklasik olarak maksimum % 37’lere kadar
ciktig1 belirlenmistir (Moreau et al., 2004).

Hindistan cevizi yagmin daha verimli sekilde elde edilmesi i¢in yapilan bir ¢aligmada tek
basina seliilaz ve seliilaz1 da i¢eren birkag farkli enzimin birlestirildigi bir ¢alismada enzimsiz
icerige gore daha yliksek verim elde edilmistir. Enzim olmadan yag verimi %19,26 iken sadece
seliilaz kullanildiginda bu oran % 28,12 oldugu belirlenmistir (Man et al., 1996).

Giinlimiizde bitkisel yaglara alternatif olarak mikrobiyal yag veya diger ismiyle tekli hiicre
yag1 da gittikge onemli hale gelmektedir. Mikrobiyal yag, gida sanayi basta olmak iizere ¢ok
farkl1 alanlarda kullanilma potansiyeline sahiptir. Seliilaz sadece bitkisel yaglarin elde
edilmesinde degil; mikrobiyal yaglarin {iretimi i¢in fermentasyon ortamindaki seker miktarini
ve dolayisiyla bakteri liremesini arttirarak da katki saglar (Darcan ve Sarigiil, 2015). Zhao et
al., (2017) yaptiklar arasgtirmada mikrobiyal yag iiretimi i¢in fermentasyon ortamina seliilaz
ilavesinin daha yliksek verim sagladigini belirtmislerdir.
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Sonu¢ ve Oneriler

Seliilazlar tohum ve hiicre ¢eperinin hidrolize edilmesine katkida bulunarak tek basina veya
farkli enzimlerle beraber kullanilmasi zeytinyag: basta olmak lizere, yag eldesinde verimi
arttirdig, yagin saghiga faydali ve kalite gostergeleri de olan ¢esitli fenolik bilesiklerin,
antioksidanlarin, aromatik bilesenlerinin ve diger bilesenlerinin miktarlarinda artis meydana
getirdigi yapilan ¢alismalardan anlagilmaktadir. Bu nedenle 6zet olarak yag eldesinde seliilaz
kullaniminin saglik yoniinden daha iyi oldugunu ve bu alanda daha fazla ¢alismaya ihtiyag
duyuldugunu ifade edebiliriz.
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Sigara icmek ve Hastalik Risklerini Tahmin Etmek: Makine Ogrenmesiyle Bilimsel Bir Bakis

Pinar KARADAYI ATAS*

Ozet

Sigara igmek, kardiyovaskiiler hastaliklar, akciger kanseri ve kronik obstriiktif akciger hastaligi
gibi ¢esitli saglik sorunlart i¢in bilinen bir risk faktoriidiir. Sigara igmenin viicut tizerindeki
sonuglart ¢oktur ve cesitli fizyolojik belirteclerde goriilebilmektedir. Bu ¢alismanin amaci
bireylerin saglikla ilgili cok sayida 6zelligini igeren bir veri setini inceleyerek sigara igmenin
fizyolojik sinyaller {izerindeki etkisini arastirmaktir. Insanlarin saglikla ilgili zelliklerine gore
sigara icme durumunu tahmin etmek i¢in toplu O6grenme modellerini kullanmaktir.
Arastirmanin bulgularina gore sigara igcmek cesitli saglik sorunlarina yakalanma riskini
artirtyor. Ornegin sigara icenlerin kilosu ve bel ¢evresi sigara icmeyenlere gére daha yiiksektir,
bu da obezite riskini artirir. Ayrica sigara igenlerde ortalama olarak daha yiiksek LDL ve
trigliserit diizeyleri bulunmaktadir, bu da kardiyovaskiiler hastalik riskinin arttigini
gostermektedir. Ayrica sigara igenlerin ortalama AST ve ALT degerleri daha yliksekti, bu da
karaciger hasar riskinin daha yiiksek oldugunu gostermektedir.

Anahtar Kelimeler: Topluluk 6grenmesi, saglik verileri analizi, makine Ogrenmesi.,
sinifilandirma.

1 Istanbul Arel Universitesi/Mithendislik Mimarlik Fakiiltesi/ Bilgisayar Mithendisligi
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GIRIS

Son yillarda saglik aragtirmalar ile ileri veri analitiginin yakinlagmasi, yasam tarzi se¢imleri
ile saglik sonuclar1 arasindaki karmagik baglantinin daha iyi anlagilmasinin yolunu agmustir.
Solunum hastalig1, kardiyovaskiiler hastalik, kanser ve gastrointestinal (GI) bozukluklar1 gibi
insan hastaliklartyla baglantilidir (Chatziioannou vd., 2017; Forey vd., 2011; Lee & Pausova,
2013; L. Li vd., 2014). Diinya Saglik Orgiiti'lne (WHO) gére sigara i¢menin diinya
ekonomisine yilda 500 milyar dolardan fazla maliyeti var. Yapilan bu arastirmalar 6nemli
saglik bozukluklart i¢in koklii bir risk faktorli olan sigara igcmenin, 6nemli bir halk sagligi
sorunu olmaya devam ettigini gostermektedir. Sigara icmek, Amerika Birlesik Devletleri'nde
her yil 480.000'den fazla kisinin 6liimiine sebep olmaktadir. Bu 6liimlerin 41.000'den fazlasi
ikinci el dumana maruz kalmaktan kaynaklanmaktadir. Sigara i¢gmek viicudun her organina
zarar vermektedir. Baglica kardiyovaskiiler hastaliklar (CVD), solunum hastaliklari, kanserler
ve diger saglik riskleri dahil olmak iizere bircok hastaliga neden olmaktadir (Lushniak vd.,
2014). Sigara kullaniminin azaltilmasinda énemli ilerlemeler kaydedilmis olmasina ve sigara
icme prevalansinin, Surgeon General'in 1964'te sigara igmeyle ilgili raporundan bu yana ABD
yetiskin niifusunda %14 ile en diisiik noktaya ulasmasina ragmen; sigara igmek bir¢ok
hastaligin 6nde gelen ve 6nlenebilir nedeni olmaya devam etmektedir (Lushniak vd., 2014).
Gelismis diinyada, hem erkek hem de kadin sigara i¢enler arasindaki genel 6liim orani, hig
sigara igmemis benzer insanlara gore yaklasik ii¢ kat daha fazladir. Sonug olarak, iilkeler i¢in
ekonomik sonugclar kritiktir. Amerika Birlesik Devletleri'nde sigaraya bagl hastalik yilda 289
milyar dolardan fazlaya mal oluyor, buna en az 133 milyar dolar yetiskinler i¢in dogrudan tibbi
bakim ve 156 milyar dolar iiretkenlik kaybi buna dahildir (Lushniak vd., 2014).

Bu ¢alismada kullanilan topluluk 6grenme modelleri, Lojistik Regresyon (Tolles & Meurer,
2016) , Karar Agaglart (Damanik vd., 2019), AdaBoost (Freund & Schapire, 1997), Naive
Bayes (Reddy vd., 2022) ve XGBoost (Z. Li, 2022) gibi bir¢ok iyi bilinen siiflandiricilar
icermektedir. Bu modeller, bireylerin saglikla ilgili 6zelliklerine gore sigara igme durumlarini
tahmin etmek i¢in veri seti lizerinde egitilmistir. Bu ¢alisma, Ensemble Learning'in (topluluk
ogrenme) giiclii ve faydali bir yaklasim oldugunu goz 6niinde bulundurarak bu metodolojiyi
benimsemistir. Topluluk 06grenmesi, farkli siniflandirma algoritmalarinin tahminlerini
birlestirerek daha giiclii ve saglam bir sonug elde etmemize olanak tanir. Bu yontem, her bir
modelin tek basina sagladigi tahminlerin 6tesine gecerek, daha kesin ve gilivenilir sonuglar
iiretmekte bize yardimci olmaktadir. Topluluk 6grenmesi kullanilmasinin bir diger nedeni,
yapilacak olan tahminden daha yiiksek dogruluk ve performans elde etmektir. Bu yaklasim,
veri setinin karmasikligini ele almak ve daha kapsamli bir perspektif sunmak ig¢in
uygulanmuistir.

MATERYAL VE METHOD
Veri Seti

Bu calismada Body signal of smoking veri seti kullanilmigtir. Veriler Kore Ulusal Saglik
Sigortast Kurumundan elde edilmistir. Veri setinde 24 farkl siitiin ile sigara igme durumu
stitunu vardir, toplam 55692 satir veri igermektedir. ID ve oral siitunlar1 veri analizinde karar
verme mekanizmasi {izerinde etkisi olmayacagi gerekgesiyle c¢ikarilmuslardir. Bu grafik,
calismada kullanilan verilerdeki sigara igen ve i¢cmeyenlerin goreceli dagilimini
gostermektedir. Bu pasta grafigi, sigara icenlerin ("1" olarak isaretlenmistir) sigara
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icmeyenlere ("0" olarak isaretlenmistir) sayisal oranin1 gostermektedir ve calismanin ana
demografik temelini olusturmaktadir.

smoking

Veri Setinde Sigara icen ve igmeyenlerin pasta grafigi (0 icmeyen, [ icen)

Sigara i¢gme Durumu ile iliskisi bulunan Siitunlar ve Ozellikleri incelendiginde; sigara
icenlerde LDL, trigliserit, AST ve ALT degerlerinin sigara igmeyenlere gore daha yiiksek
oldugu veri setinde gdézlemlenmistir. Sigara igmeyenlerde Alanin Aminotransferaz (ALT)
oranin daha yiiksek oldugu Sekil-2 de gozlemlenmistir.
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ALT nin sigara igenle icmeyen arasindaki iligkinin Keman Grafiginde gosterimi
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Kilo ve bel ¢evresine gore sigara icme durumlarinin dagilim grafigi

Sekil 3’teki grafik sigara igen ve icmeyenlerin kilosunu ve bel ¢evresini karsilastirmaktadir.
Grafik, sigara icenlerin daha yiiksek kiloya ve bel ¢cevresine sahip olma egiliminde olduklarim
gostermektedir. Sigara igmenin viicut kompozisyonu {lizerindeki olasi etkilerini tasvir
etmektedir.

Methodlar

Bu c¢alisma, topluluk 6grenmesi yontemlerinden biri olan 'bagging (torbalama)' yontemini
benimseyerek, Lojistik Regresyon (Tolles & Meurer, 2016) , Karar Agaglar1 (Damanik vd.,
2019), AdaBoost (Freund & Schapire, 1997), Naive Bayes (Reddy vd., 2022) ve XGBoost (Z.
Li, 2022) gibi bir dizi 6nde gelen siniflandirma algoritmasini igermektedir. Bu yontemler, veri
setinin farkli 6zelliklerine dayali olarak bireylerin sigara icme durumlarini tahmin etme
gorevini ylriitmek i¢in kullanilmistir. Bagging, bu farkli siniflandirma algoritmalarinin
tahminlerini birlestirerek, daha giiclii ve kararli bir topluluk 6grenme modeli olusturmayi
amagclar. Bu model, analizin dogrulugunu ve giivenilirligini artirmak i¢in kullanilmistir.
Lojistik regresyon, iki veya daha fazla sinifa sahip problemlerde kullanilan bir gosterim
yaklasimidir. Karar agaclari, bir dizi karar ve sonucu temsil etmek i¢in aga¢ yapisini kullanan
bir temsil ve regresyon yontemidir. AdaBoost (Adaptive Boosting), gii¢clii bir sinif olusturucu
iretmek i¢in zayif siniflandiricilart (6rnegin, zayif karar agaclari) birlestiren bir topluluk
o0grenme yoOntemidir. Naive Bayes, Bayes teoremine dayanan bir gdsterim yontemidir. Bu
yontem, veri setindeki Ozelliklerin belirli bir sinifa ait olma olasiliklarin1 degerlendirerek
biiytitir. XGBoost (Extreme Gradient Boosting), ozellikle biiylik veri kiimelerinde 1yi
performans gosteren agag¢ tabanl bir topluluk 6grenme algoritmasidir.

Torbalama (bagging), aga¢ tabanli modeller gibi zay1f siniflandiricilar gelistirmek icin siklikla
kullanilan bir topluluk 6grenme yontemidir. Bu yontem, veri setinin birden fazla alt kiimesini
rastgele olusturur ve daha sonra bu alt kiimeler {izerinde bagimsiz modeller olusturur. Daha
sonra bu modellerin tahminleri bir araya getirilerek daha giiclii ve kararl bir siniflandirici elde
edilir. Torbalama, veri seti varyasyonunu en aza indirmek ve asirt uyumu Onlemek i¢in
ozellikle kullanighdir.

SONUCLAR VE TARTISMA
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Caligmamizda metotlar boliimiinde belirtilen her bir yontem ve torbalama yontemi kullanilmis
olup elde edilen sonuglar karsilastirilmistir. Tablo 1°de goriildiigii {izere Topluluk Ogrenmesi
Metodunun 0.03 fark ile kullanilan metotlar arasinda en dogru sonucu verdigi gortilmiistiir. Bu
tablo, farkli makine 6grenimi yontemlerinin sigara igmeyi dogru sekilde tahmin etme hizini
karsilastirir. Her bir lojistik regresyon, karar agaclari, AdaBoost, Gaussian Naive Bayes,
XGBoost ve topluluk 6grenme yontemleri i¢in dogruluk rakamlar gosterilir. En yiiksek
dogruluga sahip yontem, tiim yontemlerin torba yontemiyle birlestirildigi ve basari oraninin
0,78 oldugu yontem oldu. Bu durum, farkli algoritmalarin tahminlerinin birlestirilmesiyle elde
edilen toplam dogrulugun, her yontemin ayri ayr1 dogrulugundan daha yiiksek oldugunu
gostermektedir.

Tablo 2’deki siniflandirma raporunda gériildiigii iizere Topluluk Ogrenmesi Metodu sigara
icmeyeni sigara icene gore daha iy1 bir kesinlik ve daha iyi bir F1-Skoru ile ayirt etmistir. Bu
tablo, topluluk 6grenme yontemiyle elde edilen siniflandirma raporunu gosterir. Kesinlik,
hatirlama, F1 puani ve destek degerleri sigara igenler (1) ve igmeyenler (0) ig¢in ayr1 ayri
sunulmaktadir. Sigara igmeyenlerin (0) kesinlik, hatirlama ve F1 puanlarinin daha 1iyi oldugu,
sigara icenlerin (1) ise daha kotii puanlara sahip oldugu goriildii. Bu sonuglar, modelin sigara
igmeyenleri sigara igenlere gore daha dogru bir sekilde ayirt ettigini géstermektedir.

Tablo 1 — Methodlara Gére Kisinin Sigara Icin Icmedigini Bulan Dogruluk Oranlari

Methotlar Dogruluk Oram
Lojistik Regresyon 0.73
Karar Agaci 0.75
AdaBoost 0.74
Gaussian Naive Bayes 0.70
XGBoost 0.75
Bagging(with whole methods) 0.78

Tablo 1 — Topluluk Ogrenmesi Methodunun Simiflandirma Raporu

Kesinlik Geri Cagirma F1-Skoru Destek
0 0.85 0.80 0.82 8806
1 0.69 0.76 0.72 5117
Dogruluk Orani 0.78 13923
Makro Ortalama | 0.77 0.78 0.77 13923
Agirlikl 0.79 0.78 0.79 13923
Ortalama

Makine 6grenimi alaninda ve 6zellikle istatistiksel siniflandirma probleminde, hata matrisi
olarak da bilinen bir karigiklik matrisi, tipik olarak denetimli 6grenme olan bir algoritmanin
performansiin gorsellestirilmesine izin veren belirli bir tablo diizenidir. Sekil-4’te
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siniflandirma raporunu destekleyecek sekilde modelimizin sigara igmeyenleri sigara igenlere
nazaran daha dogru tahmin edildigi gézlemlenmistir. Bu grafik, makine 6grenimi modelinin
performansini gosteren bir karisiklik matrisidir. Bu, modelin sigara i¢enleri ve igmeyenleri ne

kadar dogru simiflandirdigim gosteriyor. Grafik, model dogrulugu, yanlis pozitifler ve yanlis
negatifler gibi 6nemli ol¢limleri igerir.

Confusion matrix of the Ensemble Model
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Sekil. 5. AUC-ROC Egri grafigi

ROC egrisi, ikili smiflandirma sistemlerinde ayrim esik degerinin farklilik gosterdigi
durumlarda, hassasiyetin kesinlilige olan oraniyla ortaya ¢ikmaktadir. Sekil. 5’deki grafige
bakilirsa AUC’nin 0.86 oldugu ve iyi bir performans verdigi gézlemlenebilir. Bu grafik,
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modelin ikili siniflandirma performansini degerlendiren bir ROC egrisidir. AUC (Egri
Altindaki Alan) degeri, modelin siniflandirma yeteneginin genel giiclinii gosterir. Bu grafik,
farkl esikler altinda model hassasiyeti ve geri ¢cagirma dengesini gosterir.

Hassasiyet-geri ¢ekilme egrisi, farkli esik i¢in hassasiyet ve geri ¢agirma arasindaki degisimi
gosterir. Egrinin altindaki yiiksek bir alan, yliksek hassasiyetin diisiik yanlis pozitif oranla
iligkili oldugu hem yiiksek hatirlama hem de yiiksek hassasiyeti temsil eder ve yiiksek geri
cagirma diisiik bir yanlis negatif oran ile ilgilidir. Sekil 6’da bu net bir sekilde gozlemlenir. Bu
grafik,

Receiver Operating Characteristic (ROC) curve

Lo —

True Positive Rate

—— AUC = 0.86

0.0 02 04 0.6 0.8 10
False Positive Rate

Sekil. 6. Hassasiyet-geri ¢ekilme egrisi

modelin farkli esiklerdeki dogrulugunu ve geri ¢agirma oranini gosterir. Egrinin altindaki alan,
modelin yiiksek duyarliligi diisiik hatali pozitif oranlarla nasil birlestirdigini gosterir, ancak
ayn1 zamanda yiiksek hatirlama ile diisiik hatali negatif oranlar1 arasindaki iligkiyi de vurgular.
Bu calismanin sonuglari, sigara igmenin ¢esitli viicut sinyallerinde gdézlemlenebilen saglik
sorunlartyla iliskili oldugunu gdstermektedir. Ornek vermek gerekirse, sigara icenler
icmeyenlere kiyasla daha yiiksek kiloya ve bel ¢evresine sahiptir, bu da daha yiiksek obezite
riskini gosteriyor. Sigara i¢enlerde ayrica kardiyovaskiiler hastalik, karaciger hasar1 ve diger
saglik komplikasyonlar: ile iligkili olan LDL, trigliseritler, AST ve ALT seviyeleri daha
yluiksektir.

Bu c¢aligmanin bulgulari, sigara igcenlere yonelik 6zel saglik planlariin gelistirilmesi igin
onemli bir 6neri sunmaktadir. Saglik uygulayicilari, sigara igmenin en giiglii sekilde baglantili
oldugu kesin bedensel sinyalleri ve bu sinyallerle iligkili saglik risklerini anlayarak, sigara
icenlerin en acil saglik sorunlarina odaklanan 6zellestirilmis miidahaleler gelistirebilirler. Bu
tir bir miidahale, sigara icenlerin genel saglhigini iyilestirebilir ve sigaraya bagl saglik
sorunlarin1 6nleyebilir. Bu calismanin bulgularina dayanarak saglik hizmeti saglayicilari,
bireylerin sagligin1 korumak ve iyilestirmek igin 6zel teknikler tasarlamay1 diisiinmelidir. Bu
tiir kisisellestirilmis saglik planlari, sigara igenlerin saglik durumlarinin daha iyi anlagilmasina
ve gelecekteki kotii sonuglarin azaltilmasina yardimci olarak saglik hizmeti kalitesini
artirabilir.
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Bu sonuglara dayanarak, sigara icmenin saglik sorunlari i¢in 6nemli bir risk faktori oldugu ve
sigaranin etkilerinin ¢esitli viicut sinyallerinde goriilebilecegi agiktir. Sigarayla iligkili saglik
yiikiinii azaltmak i¢in, sigaray1 birakmaya yonelik miidahalelerin gelistirilmesi esastir

3"International Congress on Multidisciplinary Natural Sciences ICOMNAS-2023), Dec 07-08 2023 | NRERESEEEES
Ankara / TURKEY | 226



3"International

Congress on Multidisciplinary Natural Sciences
ISBN: 978-625-6488-58-8

KAYNAKCA

Chatziioannou, A., Georgiadis, P., Hebels, D. G., Liampa, I., Valavanis, I., Bergdahl, I. A,
Johansson, A., Palli, D., Chadeau-Hyam, M., & Siskos, A. P. (2017). Blood-based omic
profiling supports female susceptibility to tobacco smoke-induced cardiovascular diseases.
Scientific reports, 7(1), 42870.

Damanik, I. S., Windarto, A. P., Wanto, A., Poningsih, Andani, S. R., & Saputra, W. (2019).
Decision tree optimization in C4. 5 algorithm using genetic algorithm. 1255(1), 012012.
Forey, B. A, Thornton, A. J., & Lee, P. N. (2011). Systematic review with meta-analysis of
the epidemiological evidence relating smoking to COPD, chronic bronchitis and emphysema.
BMC pulmonary medicine, 11(1), 1-61.

Freund, Y., & Schapire, R. E. (1997). A decision-theoretic generalization of on-line learning
and an application to boosting. Journal of computer and system sciences, 55(1), 119-139.

Lee, K. W., & Pausova, Z. (2013). Cigarette smoking and DNA methylation. Frontiers in
genetics, 4, 132.

Li, L., Chan, R., Lu, L., Shen, J., Zhang, L., Wu, W., Wang, L., Hu, T., Li, M., & Cho, C.
(2014). Cigarette smoking and gastrointestinal diseases: The causal relationship and underlying
molecular mechanisms. International journal of molecular medicine, 34(2), 372-380.

Li, Z. (2022). Extracting spatial effects from machine learning model using local interpretation
method: An example of SHAP and XGBoost. Computers, Environment and Urban Systems,
96, 101845.

Lushniak, B. D., Samet, J. M., Pechacek, T. F., Norman, L. A., & Taylor, P. A. (2014). The
Health consequences of smoking—50 years of progress: A report of the Surgeon General.
Reddy, E. M. K., Gurrala, A., Hasitha, V. B., & Kumar, K. V. R. (2022). Introduction to Naive
Bayes and a Review on Its Subtypes with Applications. Bayesian Reason. Gaussian Process.
Mach. Learn. Appl, 1-14.

Tolles, J., & Meurer, W. J. (2016). Logistic regression: Relating patient characteristics to
outcomes. Jama, 316(5), 533-534.

3"International Congress on Multidisciplinary Natural Sciences ICOMNAS-2023), Dec 07-08 2023 | NRERESEEEES
Ankara / TURKEY | 227



3"International

Congress on Multidisciplinary Natural Sciences
ISBN: 978-625-6488-58-8

Interactions Between Red Palm Weevil, Rhynchophorus ferrugineus (Oliver, 1790) (Coleoptera:

Curculionidae), and Entomopathogenic Nematodes

Refik BOZBUGA'
Dogancan KAHYA?

Abstract

Palm trees, belonging to the plant family Arecaceae and growing in tropical and subtropical
regions, are also present in Turkiye. One of the significant pests affecting palm trees is the red
palm weevil, Rhynchophorus ferrugineus (Oliver, 1790) (Coleoptera: Curculionidae). This
invasive species has become widespread, particularly along the Mediterranean coastline. The
larvae of this pest, emerging from eggs, infest various parts of the trunk, including wound sites,
creating tunnels in the soft fibrous tissue. As the number of tunnels increases, the trunk
weakens, leading to decay and ultimately causing the death of the tree. The economic impact
of the red palm weevil on palm and date palm trees has been documented in numerous
countries, resulting in significant economic losses. Cultural measures, biotechnical approaches,
and chemical control are extensively used for red palm weevil control. In biotechnical control,
pheromone traps are commonly used. Numerous researches done by various researchers have
identified the presence of biological control agents against this pest, both in Turkiye and
globally. Several studies have investigated by some researchers the infective capabilities of
entomopathogenic nematodes against the red palm weevil at different life stages, with
Steinernema carpocapsae and Heterorhabditis bacteriophora emerging as the most effective
against larvae. This review aims to provide information on studies related to the use of
entomopathogenic nematodes, contributing to the biological control of the red palm weevil.

Keywords: Red palm weevil, Rhynchophorus ferrugineus, Entomopathogenic nematodes,
Biological control
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INTRODUCTION

The Red Palm Weevil, Rhynchophorus ferrugineus (Oliver, 1790) (Coleoptera:
Curculionidae), was initially identified as a significant pest in coconut palms in India (Lefroy,
1906). Subsequently, this species has been recorded in other regions (Laskshmann et al., 1972;
Cox, 1993; Abraham et al., 1998). The pest is now observed in many regions worldwide,
causing damage primarily to plants of the Palmaceae family, especially date palms. This pest
was first recorded on Phoenix dactylifera L. in Mersin/Tiirkiye in 2005 (Karut & Kazak, 2005).
Approximately two years later, this insect species caused significant damage on date palms
grown in parks and recreation areas in Adana, leading to the removal of more than 20% of the
trees (Atakan and Yiiksel, 2008).

The adult Red Palm Weevil, measuring approximately 12 mm in width and 35 mm in length,
features a reddish-brown body, with a combined head length and proboscis constituting about
one-third of its total body; the long, curved, and protruding proboscis is reddish-brown from
above and dark brown from below, while in males, it is covered with brownish hairs and shorter
compared to females, whose proboscis is smooth, thinner, and more curved, providing
distinctive characteristics between the sexes of this weevil species (Anonymous, 2008). The
pronotum is reddish-brown and adorned with various-sized, shaped, and numbered black spots,
the elytra are dark red, not completely covering the abdomen The hind wings are brown and
adults exhibit well-developed flying abilities (Anonymous, 2008).

The larvae, emerging from eggs, cause damage by entering the trunk, where they feed on soft
fibrous tissue, creating tunnels; their entire lifecycle within the trunk makes initial detection
challenging, progressing to later stages marked by small holes exuding a yellowish-brown,
sticky fluid, and accumulations of larval residues on the crown and branches, culminating
approximately 2-3 years later in the manifestation of leaf yellowing, fading, drying, and typical
decay in the affected plant tissues (Anonymous, 2008). The opening of galleries by larvae,
reaching up to 1 meter in length, weakens the tree trunk, increasing the risk of falling, decay,
and eventual death; a single larva, in some instances, can cause the demise of a palm tree,
contributing to the complete disappearance of date palm trees in various countries, thereby
incurring substantial economic losses and rendering areas impacted by the Red Palm Weevil
susceptible to further infestations by pests and fungal diseases (Anonymous, 2008).

BIOLOGICAL CONTROL OF Rhynchophorus ferrugineus (RED PALM WEEVIL)

Quarantine measures, along with cultural, biotechnical, biological, and chemical controls, are
commonly applied against the red palm weevil, specifically focusing on its biological control;
in the Adana province of Turkey, phoretic mites of the Uropodidae family, including Uropoda
orbicularis and Uroobovella marginata, were identified on the red palm weevil in 2008,
notably located beneath the wings of adult weevils and on deceased larval and pupal stages,
exhibiting peak abundance in May-June on weevils from traps and in February on date palm
trees, potentially influencing weevil flight behaviour, particularly during spring (Atakan et al.,
2009).

Using a local strain of Beauveria bassiana against the red palm weevil, a cost-effective medium
with granulated rice was developed for mass-producing dry conidia, demonstrating high
potential with 5.2 mg conidia/cm2 and a 91.7% efficacy on adult weevils, where stored conidia
maintained virulence even after 13 months at -10°C; field investigations in Ras Al Khaimah
on date palm trees showed effectiveness, with oil formulation spraying resulting in 13.7-19.2%
mortality and powder formulation dusting causing 8.9% mortality in the adult population,
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followed by delayed monthly mortalities, while a naturally detected B. bassiana strain from R.
ferrugineus pupa exhibited efficacy in laboratory trials against eggs, larvae, and adults,
including transmission between sexes, leading to reductions in fecundity and egg hatching, and
semi-field preventive assays confirmed its potential as a biological control agent with efficacies
reaching up to 85.7% (Dembilio et al., 2010).

In evaluating the susceptibility of the red palm weevil to the HA strain of Bacillus thuringiensis
(Bt), a widely used entomopathogenic bacterium in pest management, bioassays at various
concentrations were conducted on red palm weevil eggs, second instars, and fourth instars,
revealing significant impacts on egg hatching rates and hatch times, with the determination of
LC50 for second instar larvae and noteworthy mortality increase with higher concentrations
after 15 days, alongside observed differences in boring activity of fourth instars exposed to Bt,
collectively suggesting the potential of Bt as an effective biological control agent for red palm
weevils, mitigating damage to palm trees (Pu et al., 2017).

Addressing the substantial threat posed by R. ferrugineus to date palm trees in Egypt and the
Middle East, traditionally managed through chemical control with associated challenges, a
study explored the potential of the indigenous fungus B. bassiana, sourced from red palm
weevil cadavers, as an alternative pest management strategy; field applications in Elkassasin,
Ismailia Governorate, Egypt, between 2007 and 2008, encompassed injecting B. bassiana into
infested palm trees, periodic dusting of fungal spores, and the release of contaminated males,
resulting in a notable 90% success rate in reducing the palm weevil population and suggesting
B. bassiana's promise as a bio-insecticide for effective red palm weevil control (Sewify et al.,
.2009).

ENTOMOPATHOGENIC NEMATODES and Rhynchophorus ferrugineus (RED
PALM WEEVIL)

The infective capabilities of four entomopathogenic nematode species (Steinernema feltiae,
Steinernema carpocapsae, Heterorhabditis bacteriophora and Steinernema glaseri) are
evaluated against larvae, pupae, and adult red palm weevil, revealing that H. bacteriophora
and S. carpocapsae are the most effective, causing 92.68% and 94.68% infection rates in
larvae, while adult emergence results shows 60.20% and 63.60% infested pupae, respectively;
S. carpocapsae demonstrated 100% mortality in 6th instar larvae, highlighting the potential of
H. bacteriophora and S. carpocapsae as sustainable biocontrol agents against the red palm
weevil in integrated pest management strategies (Rehman and Mamoon-Ur-Rashid, 2022).
The significance of entomopathogenic nematodes (EPNs) and their symbiotic bacteria as
effective biological control agents against R. ferrugineus, emphasizing their potential in
integrated pest management strategies as an environmentally friendly alternative to chemical
pesticides, given the severe global impact of R. ferrugineus on palm trees and the need for early
detection and intervention in pest control programs. (Nurashikin-Khairuddin et al., 2022)

The virulence of five entomopathogenic nematodes (EPNSs) against both larval and adult stages
of the red palm weevil (RPW), demonstrating that larval susceptibility is higher, with
Steinernema glaseri and Heterorhabditis bacteriophora inducing mortality rates of 100% and
92%, respectively, at specific concentrations, while S. scapterisci, Steinernema sp., and
Steinernema abbasi exhibit higher virulence against the adult stage, suggesting the potential of
EPNs as an effective and eco-friendly biological control strategy for both larval and adult stages
of RPW (EI Sadawy et al., 2020)

The sub-lethal effects of Beauveria bassiana fungus and two entomopathogenic nematode
species, Heterorhabditis bacteriophora and Steinernema carpocapsae, individually and in
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combinations, against different instars of the red palm weevil (RPW), R. ferrugineus, revealing
additive and synergistic effects in combined treatments, with susceptibility higher in early
instar larvae, resulting in reduced pupation, adult emergence, and hatching, as well as sub-
lethal effects such as altered larval weights, extended developmental durations, reduced adult
weights, and lifespans, highlighting the potential of these biocontrol agents for effective and
eco-friendly RPW management (Manzoor et al., 2020)

Pathogenicity assessments of ten entomopathogenic nematodes against R. ferrugineus revealed
high efficacy in laboratory conditions, causing 100% mortality in larvae and adults, but less
effective control in the field with a maximum larval mortality of 66.67%, possibly attributed
to factors such as hot weather, tunnelling behavior of pest larvae, and excessive sap presence
in palm tree trunks (Abbas et al., 2003).

The spatial distribution of red palm weevil stages within infected palm tree stems in Ismaelia
governorate, Egypt, exhibited a clumped pattern, as indicated by Taylor's power law, and
sample size optimization was calculated for larvae, pupae, and adults to achieve a
predetermined level of sampling error; additionally, the application of entomopathogenic
nematode Heterorhabditis bacteriophora strain EG1 under citrus tree canopies resulted in a
contagious distribution with significant insect mortality at early sampling dates, transitioning
to a random distribution with reduced efficacy at later sampling dates (Salama et al., 2010).
Entomopathogenic nematodes in the families Steinernematidae and Heterorhabditidae,
particularly genetically enhanced strains, have demonstrated high efficacy in laboratory and
field studies against the red palm weevil, exhibiting 95-100% mortalities in laboratory
conditions and 50% in the field, suggesting their potential as safe and viable biological control
agents pending further improvements in virulence, mass production, tolerance, formulations,
and release strategies (Hanounik,1998).

The study evaluates the impact of the entomopathogenic nematode Steinernema carpocapsae
on mortality, growth, and immune activity of R. ferrugineus larvae, finding a positive
correlation between nematode dosage/duration and weevil mortality, determining the median
lethal dose and time, observing detrimental effects on larval weight, and noting in vivo and in
vitro impacts on phagocytic responses of weevil hemocytes, revealing non-encapsulation of
the nematode, and introducing a novel technique to measure the minimum inhibitory
concentration of the weevil's humoral and cellular immune systems against entomopathogenic
bacteria Xenorhabdus nematophila (Manachini et al., 2013)

CONCLUSION

In conclusion, the invasive red palm weevil (Rhynchophorus ferrugineus) is a severe threat to
palm trees globally, necessitating effective pest management strategies. This review highlights
the significance of entomopathogenic nematodes (EPNs), particularly Steinernema
carpocapsae and Heterorhabditis bacteriophora, as promising biological control agents
against various life stages of the red palm weevil. The studies discussed emphasize the potential
of EPNs in laboratory and field conditions, with a focus on larval susceptibility. Additionally,
complementary approaches involving Beauveria bassiana and Bacillus thuringiensis are
explored, providing a comprehensive overview of diverse biological control methods. Further
research and development are crucial to enhance the efficacy, mass production, and application
strategies of these biocontrol agents for sustainable and environmentally friendly red palm
weevil management.
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PID Tuning with Metaheuristic Algorithms For Synchronization of Chaotic Oscillator

Selma BEDIR!
Ridvan SARACOGLU?

Abstract

Chaotic oscillators are used to ensure data security and to prevent unauthorized persons from
accessing the transmitted data. While providing this security, signals generated from chaotic
oscillators are used. With the help of these oscillators, our data is encrypted. In this study, the
synchronization of chaotic oscillators at the transmitter and receiver sides to decode the
encrypted voice or any data at the receiver side is performed with PID controller coefficients
obtained from two different metaheuristic algorithms, Butterfly-based particle swarm
optimization and Gray Wolf Optimization algorithm. Metaheuristic algorithms are algorithms
inspired by the behavior of animals in swarms. Thanks to these algorithms, the controller
coefficient was found, synchronization between chaotic oscillators was realized and a secure
communication was contributed.

Keywords: Chaotic Oscillator, Butterfly Based Particle Swarm Optimization, Gray Wolf
Algorithm
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1.INTRODUCTION

Chaotic oscillators are based on chaos theory (Lorenz,1963; Chua et al., 1993). Chaotic
oscillators, unlike other signal generators, produce unique signals that do not repeat themselves
in time. These oscillators ensure that the data to be transmitted is encrypted and transmitted to
the receiver. However, even if the mathematical expressions of each chaotic oscillator are the
same, the chaotic oscillators on the transmitter and receiver side need to be synchronized
because they are independent in themselves(Li, S. Y. etal., 2011; Pecora, L. M. etal., 2015).

2.MATERIAL and METHOD
CHAOTIC OSCILLATOR
Sprott Chaotic Oscillator

Today, there are different types of chaotic oscillators. Many oscillators with different
mathematical expressions such as Sprott, Chua, Chen are used.(Chua, L. O. et al., 1993; Sprott,
J. C., 2000; Matsumoto, T.,1984) Thanks to the mathematical expressions used, unique signals
that do not repeat themselves over time are obtained. These oscillators can encrypt data such
as audio or video. ( AlMutairi, F. etal., 2020, AlMutairi, F. et al., 2020, Gebereselassie, S. A.
et al., 2022) In order for the communication system built from chaotic oscillators to be
deciphered at the transmitter side, both sides must have chaotic oscillators with the same
mathematical expressions. (Almali, M. N. et al., 2016) In our study, synchronization of the
Sprott chaotic oscillator was achieved. Mathematical expressions of the Sprott chaotic
oscillator are given in Eq. 1, Eq.2 and Eq. It is given in 3. (Almali, M. N. et al., 2016, Sprott,
J. C., 2000)

dXs
= e (1)

avs _

=S = Z+y(t) )

s — _1.2X, — Y, — 0.6Z, + 2signX, ®3)

dt

Sprott chaotic oscillator, whose mathematical expression is given, can produce three chaotic
signals: Xs, Ys and Zs. Ys chaotic signal is given in Figure 1.

4 = ;

L L 1 L L L
(0] 50 100 150 200 250 300 350 400 450 500

Figure 1: Ys Chaotic Signal
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METAHEURISTIC ALGORITHMS
Butterfly Based Particle Swarm Optimization (BFPSO)

Particle swarm optimization method, one of the swarm optimization algorithms, can be
developed as a hybrid with different types of optimization methods. Butterfly-based particle
swarm optimization is one of these hybrid optimization types.(Bohre A. K. et al., 2015) Figure
2 shows the flowchart of particle swarm optimization.

Build starting
swarm, positions
and speeds

v

Calculate the fitness
value of particles in
swarm

v

Compare patrticles in each

generation with the best of

previous generation. If it's
better, relocate.

y

Compare the best local
values among themselves
and assign the best as
global best

v

refresh speed and position
values

Stopping criterion

Show result

Figure 1 Particle swarm optimization flowchart

The Particle Swarm Optimization (PSO) algorithm starts by placing each particle randomly in
the swarm. Each particle's objective function is then evaluated, and if the calculated objective
value is lower than the particle's personal best value, the personal best position is updated to
the current position. The global best position is then updated by overwriting the personal best
position. The velocity of each particle is calculated based on the personal and global best
positions, and the position of each particle is updated accordingly. The process continues until
certain criteria are met to stop the loop. PSO is implemented as a function in Matlab/Simulink,
and during implementation, various parameters such as lower and upper bounds, cognitive and
social coefficients, number of particles, and swarm size are determined. The mathematical
expressions for velocity and position in PSO are represented by equations Eq.4 and EQ.5.
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Overall, PSO iteratively updates particle positions and velocities to optimize the objective
function.

Vg1 = W x Uy + c111 (pbesty, — currentposition) + c,r,(gbest, — currentposition) (4)

Xk+1) = Xk + Vieyr 5)

In Equation 4, the inertia coefficient w is two random numbers between rl and r2 (0, 1). c1 and
c2 are the cognitive and social scaling parameters. However, to realize butterfly-based particle
swarm optimization, the butterfly optimization equations need to be inserted into the particle
swarm optimization loop. The rate equation of particle swarm optimization is rewritten
according to butterfly optimization. The rate equation for butterfly-based particle swarm
optimization is given in Equation 6.

Vg1 = W *x U + S (1 — P ) ey (pbest, — currentposition) + pyc,r,(gbest;, —
currentposition) (6)

In Equation 6, Sk represents sensitivity and Pk represents probability. The equations for Sk and
Pk are given in equation 7 and equation 8(Bohre A. K. et al., 2015).

S = exp — (Itermax - Iterk)/Itermax (7)

Py = FlTypestie/—(FITipest k) ©)

Grey Wolf Optimization Algorithm (GWO)

The gray wolf optimization algorithm is a swarm-based algorithm like particle swarm
optimization. This algorithm is based on the hunting strategies of gray wolves in nature. This
hunting strategy involves surrounding the prey and eventually hunting the prey. In the loop in
the algorithm, the objective function and the positions and speeds of the gray wolves in the
swarm are updated at each iteration. Figure 3 shows the gray wolves and the position of the
prey in the gray wolf algorithm.(Panda, M. et al., 2019)
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Figure 3 Gray wolves and prey position (Panda, M. et.al.2019)

The mathematical expression created for this purpose is first the positions of the gray wolves.
Eq. 9 gives the position equation.

Xit+1)=X(t)+A.D (9)

Eq. 9, where X(t+1) is the next location and X(t) is the current location. Here A is a coefficient
matrix and D is a vector that depends on the location of the prey. Eq. 10 gives the expression of
the vector D. Xp(t) in Eq. 10 is the position of the prey and C can be found by the expression in
Eq. 11. Eq. 11, where 12 is randomly determined between 0 and 1.

=|c.X,(®) — X(®)| (10)

C = 2.r2 (11)

CONTROL METHOD
PID Controller

PID controller can be expressed as a proportional integral derivative controller. The PID
controller, which is still used in today's systems, is a very old control method. Figure 4 shows
an illustration of a PID controller in a feedback system.
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Ref.

Sistem ‘@

Figure 4. PID controller feedback system (Borase R. P. et. al.2021; Wang L., 2020)

If we want to find the controller coefficients Kp, Ki and Kd of the PID controller for the control
of any system, there are different methods. These can be trial and error method, Nichols-
Ziegler, Cohen-Coon method (Borase R. P. et. al.2021). Eq. 12 gives the general mathematical
equation of the PID controller.

PID(t) = Kp * e(t) + Ki [ e(t) + Kd » d =2 (12)

The parameters of the PID controller can be found by these methods or by meta-heuristic
methods. (Joseph S. B. 2022)

SYNCHRONIZATION

Thanks to the coefficients found with BFPSO and Gray wolf optimization (GWO) algorithm,
the time difference between master and slave chaotic oscillators is eliminated. In this way, the
data encrypted at the transmitter side can be decrypted at the receiver side. Figure 5 shows the
block diagram of the synchronization of master and slave chaotic oscillators. (Almali, M. N. et
al., 2016)

Data
+
* + — Data
) Master Signal Y
Master Chaotic
Oscillator
Master Signal X
+
PID CONTROLLER | =" Slave Chaotic L
Oscillator
Slave

Signal

Figure 5. Synchronization of Chaotic Oscillators (Almali, M. N. et al., 2016)
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3.RESULTS
PID controller Coefficients and Synchronization Graphs

Table 1 shows the coefficients found with KTPSO and Gray Wolf Optimization algorithm for

the PID controller.
Tablo 1. PID coefficients found for the controller

Algorithm Controller Kp Ki Kd
BFPSO PID 5.2412 7.5338 5.7489
GWO PID 11.7226 12.2658 6.8506

The synchronization graphs according to the PID controller coefficients given in Table 2 are
given in Figure 6 and Figure 7.

Figure 6: Synchronization of the chaotic signal with the coefficients obtained in the gray wolf
algorithm.
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Figure 7: Synchronization of the chaotic signal with the coefficients obtained in the BFPSO
algorithm.

IAE, ISE, ITAE ve ITSE Error Analysis

In order to measure the error performance of butterfly-based particle swarm optimization and
gray wolf optimization algorithm in the synchronization of chaotic oscillators, special tests
were applied. These tests are integral absolute error (IAE), integral squared error (ISE), integral
time absolute error (ITAE) and integral time squared error (ITSE) (Faisal R. F. et al., 2021;
AlMutairi, F.ve ark 2020) The mathematical expressions of the error performance criteria are

given in Eq. 13, Eq. 14, Eq. 15, Eq. 16 are given as equations. The error performance analysis
of the algorithms is given in Table 2.

ISE = [7 e2(t)dt

(13)
ITSE = [, e2(t)tdt (14)
IAE = ["le(t)ldt (15)
ITAE = [” tle(t)|dt (16)
Table 2. Error performance analysis
Algorithm Controller ISE IAE ITAE ITSE
BFPSO PID 7.337 5.652 18.25 5.528
GWO PID 5.165 4.27 12.19 6.552
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Performance Analysis of Metaheuristic Algorithms

The synchronization time of the PID coefficients found by metaheuristic algorithms depends
on the performance of the coefficients obtained from the algorithm. Table 3 shows the
synchronization times of the coefficients obtained from BFPSO and Gray wolf optimization
algorithm.

Table 3. BFPSO and Grey Wolf Algorithms Performance

Algorithm Controller Syncronization time
BFPSO PID 11.7775s
GWO PID 3.1416 s

4.CONCLUSIONS

Chaotic oscillators need to be synchronized in order to perform a healthy data transmission in
encryption and decryption processes. This synchronization process is realized with the PID
controller. PID controller coefficients are found by BFPSO and Gray Wolf algorithm and then
error performance analysis is performed. In terms of synchronization time and error
performance, the Gray Wolf optimization algorithm gave a faster and lower error rate than
BFPSO. In the error analysis, Gray wolf gave a better response in terms of ISE, |IAE and ITAE,
while BFPSO gave a better response in terms of ITSE.
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Eeg Sinyallerinin Ayrik Dalgacik Yontemi Kullanilarak Ayristiriimasi

Sahin YILDIZ*
M.Bahaddin KURT?

Ozet

Bu calismada, saglikli ve epilepsi hastaligi olan bireyler olarak iki veri seti kiimesi
Elektroensefalogram (EEG) sinyali altinda test edilmistir. Kiimelerden biri epileptik EEG
verisi olup digeri normal saglikli EEG verisidir. Her bir kiime 100 adet EEG sinyalinden
olugmaktadir. Her bir sinyal 23,6 saniyeden olusmaktadir. Normal EEG veri kiimesinde yer
alan sinyaller saglikli deneklerden gozler agik durumdayken kaydedilmistir. Epileptik EEG
veri kiimesine ait sinyaller ise hasta deneklerden epileptik nébet esnasinda alinan kayitlardan
olusmaktadir. Deneklerden alinan EEG sinyalleri 173,61 0.53-40 Hz ornekleme frekansina
sahip olup bant geciren filtre uygulanmistir. Ayrik Dalgacik Doniisimi (ADD), EEG
sinyalinin bilesenlerinin  ¢oziiniirliik seviyelerinde EEG sinyalini aynstirmak i¢in
uygulanmistir.  Ayristirma  seviyelerini  saglikli  ve hasta Dbireylerdeki degerleri
karsilastirilmistir. Sonug olarak D1, D2, D3 ve D5 seviyelerinin ortalamalari ve standart sapma
ortalamalar1 incelendiginde saglikli veri setinin degerleri hasta veri setine gore daha yiiksek,
D4 seviyesi ise daha diisiik ¢ikmistir. D1, D2, D3, D4 ve D5 seviyelerinin entropi ortalamalari
incelendiginde saglikli veri setinin degerleri hasta veri setine gore daha diistiik ¢ikmistir. AS
seviyesinin ortalamasi ve standart sapma ortalamasinda ise saglikli veri seti sonucglar1 daha
yuksek ¢cikmistir. A5 seviyesinin entropi ortalamalari incelendiginde saglikli veri seti sonuglari
daha dusiik ¢ikmistir. Sonug olarak saglikli veri setinde seviyelerinin hasta seti verilerine gore
ortalamasi ve standart sapma ortalamasi degerleri D4 hari¢ yiiksek, entropi ortalamasi degeri
ise distiktiir.

Anahtar Kelimeler: Elektroensefalogram (EEG), Ayrik Dalgacik Doniisiimii (ADD), Epilepsi
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1. GIRIS

EPILEPSI, diinya ¢apinda 40 milyondan fazla insan1 etkileyen, diinyanin en yaygin norolojik
hastaliklarindan biridir. Epilepsinin ayirt edici semptomu olan noébetler, glicten diisiiren genis
bir tibbi ve sosyal sonuglar yelpazesine sahip olabilir (Tong, vd., 2009). Antiepileptik ilaglar
milyonlarca hastanin tedavisine yardimci olmasina ragmen, tiim hastalarin kabaca iigte biri
farmakolojik miidahaleye yanit vermiyor. Bu dinamik hastaligin anlasilmasi gelisirse; yeni
tedavi olanaklar1 ortaya cikiyor. Nobetlerin erken baslangicinmi tespit edebilen ve hatta bu
saatleri meydana gelmeden Once tahmin edebilen algoritmalari i¢eren cihazlarin gelistirilmesi
biiytik bir ilgi alanidir. Bu tespit siiresi, yeni tipte girisimsel tedavilere izin verecektir. Yakin
gelecekte, fiziksel belirtiler baslamadan once bir hastanin ndbeti tespit edilebilir ve
durdurulabilir.

Elektroensefalogram (EEG), insanlarda epileptik nobet aktivitesini tanimlamanin ve analiz
etmenin 6nemli bir yolu olarak kendini kanitlamistir. Cogu durumda, epileptik EEG sinyalinin
tanimlanmasi, sayisi az olan vasifli profesyoneller tarafindan manuel olarak yapilir (Patnaika,
vd., 2008). Beyin islevselliginin anormal aktivitesinin teshisi hayati bir konudur. EEG
sinyalleri, beynin islevi hakkinda biiyilkk miktarda bilgi icerir. Ancak bu sinyallerin
siniflandirilmast ve degerlendirilmesi sinirhidir. Uzmanlar tarafindan degerlendirilen kesin bir
kriter olmadig1 i¢in EEG sinyallerinin zaman alaninda gorsel analizi yetersiz kalabilmektedir.
Rutin klinik tani, EEG sinyallerinin analizine ihtiya¢ duyar. Bu nedenle, bazi otomasyon ve
bilgisayar tekniklerinin bu amag i¢in kullanilmstir.

Ayrik-Daubechies Dalgacik Déniisiimii (ADD-db2), EEG sinyalinin bilesenlerinin ¢oziiniirliik
seviyelerinde EEG sinyalini ayristirmak i¢in uygulanir. EEG dogasi geregi duragan degildir,
sinyalin zaman ve frekans bilgisini ayn1 anda elde etmek i¢in dalgacik doniisiimiinii (zaman-
frekans bazli) kullanmak en uygunudur. Ayrica, epileptik sinyalin gecici 6zelliklerini EEG arka
planinda dogru bir sekilde yakalamaya ve lokalize etmeye yardimc1 olur. EEG donemleri,
dekompozisyonun 5. seviyesine kadar db2 ana dalgacik kullanilarak c¢esitli frekans bantlarina
ayristirildi.

Bu calisma asagidaki sekilde diizenlenmistir. Siirecin metodolojisi bu yazinin 2. Boliimiinde
sunulmustur. Ayristirilma sonuglar: Boliim 3'te verilmistir. Sonuglar Boliim 4'te verilmektedir.

2.ADD, AYRIK DALGACIK DONUSUMU

Stirekli dalgacik doniisiimiinde miimkiin olan tiim oOlgekte dalgacik katsayilarimin hesabi
gereksiz birgok Veri iiretilmesine neden olur. Bunun igin elde edilen sayisal veriler goz oniinde
bulundurularak ayrik dalgacik doniistimii kullanilir.

Eger ikici 6l¢ekler ve pozisyonlar olarak adlandirilan ikinin kuvveti seklinde olgekler ve
pozisyonlar secersek analizler daha etkili ve dogru gergeklestirilecektir (Misiti, vd., 2002).
Ayrik dalgacik doniisiimiinde (ADD) s 6l¢ek parametresi ve K doniisiim parametresinin ayrik
degerleri ele alinir.

WWF(k2-5,2-5) =2-5/2](-00)(+o0)[f(t) [y (2st-K)dt 1.
WK,s(t) =2s/2 y(2st-k)dt 2.

1. ve 2. denklemlerinde v, ayrik dalgacik doniistimii i¢in dalgacik fonksiyonunu belirtir. s 6l¢ek
parametresini k ise doniisiim parametresini ifade eder (Goswami, vd., 1999).

2.1 Filtreleme
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Birgok sinyal i¢in algak frekans bileseni sinyal en dnemli pargasini olusturur. Diger yandan
yiiksek frekans bilesenleri sinyalin ayrintisidir. Ornegin insan sesi i¢in yiiksek frekans bileseni
ortadan kaldirilirsa sesin tonu degisiklige ugrar. Ama algak frekans bileseni ortadan kaldirilirsa
anlasilmaz bir ses duyulur (Misiti, vd., 2002).

ADD’ de sinyal al¢ak ve yiiksek frekans bilesenlerine ayristirilir. Bu bilesenler yaklasim ve
detay bilesenleri olarak adlandirilir. Yaklagimlar yiiksek olceklidir, A ile gosterilir ve sinyalin
alcak frekans bilesenleridir. Detaylar diisiik dlceklidir, D ile gosterilir ve sinyalin yiiksek
frekans bilesenleridir. Orijinal s sinyali 2 filtreden geger ve 2 sinyal ortaya ¢ikar (Sekil 1).

Algak Gegiren
Filtre (AGF) A
Sinval
Yiiksek Gegiren
Filre (YGF) D

Sekil 1. Bir sinyalin al¢ak ve yiiksek frekans bilesenlerine ayristirilmasi

Bu islem gercek zamanli sayisal bir veriyle gerceklestirilirse, baslangictakinden daha fazla
sayida veriyle islem sonuglandirilir. Ornegin S isareti 1500 Ornekten olussun. Sonugctaki
sinyaller her biri 1500 6rnekten olusan toplam 3000 ornekli bir deger ortaya koymaktadir.
Burada, toplam bilgiyi elde etmek igin, 3000 6rnegin her birinde iki noktanin sadece biri
alinarak islem stirdiiriilebilir. Bu islem 6rnek indirgeme olarak adlandirilir (Sekil 2).

Algak Gegwen 4 l\. > cA
Filtre (AGF) "\ V) ~750 katsay
Sinyal
(1500 Omek)

Yiksek Gegiren cD
Filtre (YGF) 4@' ™ ~750 katsayi

Sekil 2. Ornek indirgeme ve ADD katsayilarinin elde edilmesi

3rd1ntemati0nalCongress on Multidisciplinary Natural Sciences({COMNAS-2023), Dec07-08 2023 I
Ankara / TURKEY | 247



3"International

Congress on Multidisciplinary Natural Sciences
ISBN: 978-625-6488-58-8

(=]
h [

cA3 cD3

Sekil 3. Dalgacik ayrisim agaci

Buraya kadar yapilan islemler sinyalin ayristirma islemleridir. Elde edilen degerler kullanilarak
sinyal, herhangi bir bilgi kayb1 olmaksizin tekrar geriye elde edilebilir,

S=A1+D1
S=A2+D2+D1
S=Aa+Dn+Dn-1+...

Buradaki n degeri ayrisim seviyesini gostermektedir. N sayida 6rnek iceren bir sinyalde N=2n
icin, n seviyede ayrisim gergeklestirilir. Zaman-frekans ¢oziiniirliigii Heisenberg belirsizlik
prensibi ile dalgacik analizini sinirlandirir (Bentley, vd., 1994).

At X At> 1/4m 3.

Burada At zaman domenindeki ¢oziiniirliik, Af frekans domenindeki ¢ozlintirliiktiir. Denklem,
zaman ve frekans domenindeki ¢Oziiniirliigiin rasgele bicimde kiiclik yapilamayacagini
belirtmektedir. Bir ayrisim isleminde, her bir seviye i¢in frekans araliklari,

f = 2a(f/4N) 4.
denklemiyle hesaplanir. Burada f, her bir seviye i¢in en yliksek frekans sinirin1 gostermektedir.

fs, 6rnekleme frekansi, N orijinal sinyaldeki 6rnek sayisidir (Misiti, vd., 2002). fs=512 6rnek/sn
ve N=1024 olan bir sinyal i¢in elde edilen sonuclar tablo1’de goriilmektedir.
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Tablo 1. Her bir seviye i¢in frekans araliklarinin tespiti

Seviye | Bilesen Frelfans Merkez Frekans
Araligi(Hz) (Hz2)
0 a9 0-0.5 0.25
1 d9 0.5-1.0 0.75
2 ds 1.0-2.0 1.5
3 d7 2.0-4.0 3
4 dé 4.0-8.0 6
5 d5 8.0-16.0 12
6 d4 16.0-32.0 24
7 d3 32.0-64.0 48
8 d2 64.0-128.0 96
9 dil 128.0-256.0 192

Dalgacik doniisiimiinde kullanilan yiiksek geciren filtreler dalgacik fonksiyonu, algak geciren
filtreler 6l¢ekleme fonksiyonu ile ilgilidir (Nguyen, vd., 1996). Orijinal filtre katsayilari
kullanilarak V(t) 6l¢ekleme fonksiyonu i¢in genisleme denklemi ve y(t) dalgacik fonksiyonu
dalgacik denklemi asagidaki denklemlerle tanimlanir (Nguyen, vd., 1996).

V(t) = 25 [(k=0)"Nh(K)V(2t-K)] 5,

P() = 2X[(k=0)"Ng(K)V(2t-k)] 6.
Burada h(k) alcak geciren filtre katsayilar1 ve g(k) yiiksek geciren filtre katsayilaridir. g(k) ve
h(k) arasindaki iliski asagidaki denklemde tanimlanir.

g(k) = (-1)kh(N-k) 7.

Buradaki N toplam katsay1 adedini gostermektedir.

Idealde, bir dalgacik doniisiimiinde kullanilan filtreler milkemmel kenarlara sahip olmalidir ve
herhangi bir Ortiisme olmamalidir. Ama pratik olarak bu miimkiin degildir. Dalgacik
katsayilarinin se¢imi 1yi karakteristige sahip 1yi bir filtre i¢in dnemlidir. Dalgaciklar 1y1 bir
zaman yerlesimi saglamalarina ragmen gecici sinyallerin tam analizi i¢in yeterli degildir. Bu
tip bir analiz i¢in dalgaci@in genlik—faz karakteristigi gibi dogal Ozellikleri, dalgacik
bilesenlerinin frekans- bant genisligi karakteristigi, enerji dagilimi, her bir bilesende meydana
gelecek enerji sizintilarinin tespiti ve bunlarin érnekleme orani ve toplam veri sayisiyla iliskisi
olduk¢a onemlidir.

ADD, ortiismesiz bir filtreler dizisiyle gergeklestirilir. Bu filtre katsayilar1 elde edilen sonucu
direk olarak etkileyecektir. Normalize edilmis dalgacik 6l¢ekleme fonksiyon katsayilari, algak
geciren fonksiyon katsayilarina 1/V2 faktorii ile baglidir.

c(k) = (1/\N2)h(k) 8.
Benzer sekilde yliksek gegiren filtre katsayisina bagl olarak dalgacik katsayilari;
d(k) = (1V2)g(k) 9.
Ifade edilir.
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Daubechies dalgacigi dalgacik doniistimleri igerisinde en dnemli dalgacik tiirtidiir. Db2 Haar
dalgacik doniisiimii olarak adlandirilir. Coiflet, Daubechies dalgacigindan tiiretilmis 6zel bir
yapimdir (Parameswariah, vd., 2003). Uygulama alanlarindaki artislar hangi dalgacik
doniisiimiiniin hangi uygulama icin daha iyi olabilecedi sorusunu beraberinde getirmistir.
Bunun i¢in kesin bir sonu¢ bulunmamaktadir ve yapilan uygulamalardan elde edilen sonuglara
gore degiskenlik gostermektedir. Ama sismik sinyallerde iyi sonu¢ vermesi Daubechies
dalgacigimi 6n plana ¢ikartmaktadir (Parameswariah, vd., 2003),(Daubechies, 1990),(Botella,
vd., 2003).

2.2.Daubechies Dalgacik Doniisiimii

Daubechies dalgacigi modern dalgaciklarin kdse tasi olarak kabul edilir (Parameswariah, vd.,
2003). Bu tezde, yapilan analizlerin hepsi Daubechies dalgacigi kullanilarak
gerceklestirilmistir. Bu yiizden Daubechies dalgaciginin genel 6zellikleri ve tercih nedenleri
bu boliim i¢erisinde agiklanacaktir.

Daubechies dalgacik doniisiimii bir sinyali, o katsayilarina bagl olarak olusturulan 6l¢ekleme
fonksiyonu ve B katsayilarina bagl olarak olusturulan dalgacik fonksiyonuna bagli olarak
tanimlar.

al=(1+V3)/(4V2),a2=(3+\3)/(4\2),03=(3-V3)/(4N2),a4=(1-\3)/(4\2) 10.
Olgekleme fonksiyonu V;

V11 =(al, a2, a3, 04,0,0,0,...)

V21 =(0,0,al, 02, a3, 04,0,0,...)

VN/21 = (a3, 04,0,0,...,al, 02) 11.
Vml =alV2m-10 + a2V2m0 + a3V2m+10 + a4V2m+20

Vm2 =oalV2m-11 + 02V2ml + a3V2m+11 + a4V2m+21
denklemindetanimlanur.

Dalgacik fonksiyonu ¢;

Bl=04,B2=03,B3=02,B4=0al

¥ 11 =(B1, B2, B3, B4,0,0,0,...)

¥ 21=(0,0, B1, B2, B3, B4,0,0,...)

¥ N/21 = (B3, B4,0,0,..., B1, B2) 12.
¥Yml=B1¥Y2m-10 + B2¥ 2m0 + B3¥ 2m+10 + B4¥ 2m+20
¥Ym2=B1¥Y2m-11 + B1¥2ml + BI1¥Y2m+11 + B1¥Y2m+21

Denklemleriyle ifade edilir.

A algak frekansl sinyal bileseni ve D yiiksek frekansl sinyal bileseni olmak iizere s sinyali
asagidaki denklemlerde hesaplanir.

S=Am+Dm +Dm-1+...+D2+Dl
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Am=(fVIm) Vim + ... + (f VN/mm) VN /2m 13.
Dm=(f¥Y1Im)¥Y Im+...+(f¥Nmm)¥N/2m

Daubechies dalgacigi dbN seklinde tanimlanir. dbN seklinde tanimlanan doniisiim 2N
Olcekleme katsayisina sahiptir.

Olgekleme katsayilarmin normlarina orani, algak gegiren filtre katsayilarmi vermektedir.
Katsayilarin normu,

V([e(D)]r2+[c(2)]2+[c(3)] 2+ +[c(3)]"2) 14.

denklemiyle hesaplanir. Daubechies Slgekleme katsayilarmin normu 1/N2¢dir ve katsayilarin
toplamu 1’e esittir.

Olgekleme katsayilari c(k) ve ayrisim algak gegiren filtre katsayilar1 LoD olmak iizere yeniden
yapilandirma algak gegiren filtre katsayilar1 LoR asagidaki denklemiyle tanimlanir.

LoR=c/norm(c) 15.

LoD, LoR vektoriiniin ters siralanmis durumudur.

Dalgacik analizinin amaci, sinyalleri ¢esitli frekans bantlarima ayirmaktir. ADD kullanan
sinyallerin analizi i¢in uygun dalgacik se¢imi ve ayrisma seviyelerinin sayist ¢cok onemlidir.
Ayrisma seviyelerinin sayisi, sinyalin baskin frekans bilesenlerine gore secilir. Seviyeler,
sinyalin siiflandirilmasi i¢in gerekli frekanslarla iyi korelasyon gosteren kisimlar1 dalgacik
katsayilarinda tutulacak sekilde segilir. Bu ¢alismada Daubechies 2 (db2), yumusatma 6zelligi
EEG sinyallerindeki degisiklikleri tespit etmeye uygun oldugu i¢in secilmistir. Daubechies
dalgaciklari, dalgacik sinyal islemenin temellerini temsil eden en popiiler dalgaciklardir ve ¢ok
sayida uygulamada kullanilmaktadir. Bu dalgacik fonksiyonlarmin o6zellikleri hakkinda
ayrintili bir tartisma referansta bulunabilir (Patnaika, vd., 2008).

Her bir kiime 100 adet EEG sinyalinden olusmaktadir. Her bir sinyal 23,6 sn’den olugmaktadir.
EEG sinyalleri 12 bit analog sayisal doniistiiriicli kullanilarak 173,61 Hz 6rnekleme frekansi
ile bilgisayar ortamina aktarilmistir. Deneklerden alinan EEG sinyallerine 0.53-40 Hz bant
gegiren filtre uygulanmistir.

3. AYRISTIRMA SONUCLARI

Epileptik nobetler, epilepsinin belirtileridir. EEG'de epileptiform desarjlarin tespiti, epilepsi
tanisinda 6nemli bir bilesendir. EEG sinyalleri sabit olmadigindan, geleneksel frekans analizi
yontemi tanisal siniflandirmada ¢ok basarili degildir. ADD, EEG sinyalinin bilesenlerinin
coziinlirliik seviyelerinde EEG sinyalini ayristirmak ve farkli ¢oziiniirliik seviyelerinde EEG
sinyalinin ozelliklerinin degerlerini ¢ikarmak igin uygulanir (Tablo 2,3 ve 4’te ayrisma
seviyeleri).

Tablo 2,3 ve 4’te hasta ve saglikli hastalarin EEG donemleri, dekompozisyonun 5. seviyesine
kadar db2 ana dalgacik kullanilarak ¢esitli frekans bantlarina ayristirilmistir. D1, D2, D3, D4,
D5 ve A5 seviyelerinin sirasiyla ortalamasi, standart sapmalart ve entropi ortalamalar
gosterilmektedir.
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Tablo 2. Hasta ve saglikli bireylerin ortalama EEG ayristirmalart

Ortalama Saghkh_Ven Hasta Veri Seti
Seti

D1 0,109086494 | -0,017068054
D2 0,067974741 0,013260318
D3 0,063242025 0,006777332
D4 -0,035531562 | -0,015165811
D5 -0,297721907 | -0,053149288
Ab 2,214654713 0,301018202

Tablo 3. Hasta ve saglikli bireylerin STD (standart sapma)EEG ayristirmalart

STD Saghkh_Ven Hasta Veri Seti
Seti
D1 317,0331166 41,3950653
D2 264,9522694 38,77137745
D3 153,9871316 19,0920846
D4 203,7714167 22,0206811
D5 220,3151773 19,6213279
Ab 447,863432 55,3318786

Tablo 4. Hasta ve saglikli bireylerin entropi EEG ayristirmalari

Entropi Saglikl Veri Hasta Veri Seti
Seti
D1 1,655711786 2,212877471
D2 1,348833126 1,74354829
D3 1,13038213 1,386546779
D4 1,071161614 1,38309422
D5 1,057876777 1,455631613
A5 1,03270981 1,149017163

Seviye ortalamalari incelendiginde tablo2’de gosterilen saglikli veri setindeki D1, D2, D3 ve
D5 seviyelerinin degerleri hasta veri setinin ortalamalarina gore daha yiiksek oldugu

gorilmiistiir.

Standart sapma ortalamasi incelendiginde tablo 3’te gosterilen saglikli veri setindeki D1, D2,
D3, D4 ve D5 seviyelerinin degerleri hasta veri setine gore daha yliksek oldugu goriilmiistiir.

Seviyelerin entropi ortalamasi incelendiginde tablo 4’tegosterilen saglikli veri setindeki DI,
D2, D3, D4 ve D5 seviyelerinin degerleri hasta veri setine gore daha diisiik oldugu goriilmiistiir.
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4. SONUC

EEG sinyallerinin ADD analizi sonucunda ortalama, standart sapmasi ortalamasi ve entropi
ortalamalar1 alinmistir. D1, D2, D3 ve D5 seviyelerinin ortalamalart ve standart sapma
ortalamalar1 incelendiginde saglikli veri setinin degerleri hasta veri setine gore daha yiiksek
cikmistir. D1, D2, D3, D4 ve D5 seviyelerinin entropi ortalamalar1 incelendiginde saglikli veri
setinin degerleri hasta veri setine gére daha diisiik ¢ikmistir. AS seviyesinin ortalamasi ve
standart sapma ortalamasinda ise saglikli veri seti sonuglar1 daha yiiksek c¢ikmistir. AS
seviyesinin entropi ortalamalar1 incelendiginde saglikli veri seti sonuglar1 daha diisiik ¢ikmustir.
Sonug olarak saglikli veri setinde seviyelerinin hasta seti verilerine gore ortalamasi ve standart
sapma ortalamasi degerleri D4 harig yiiksek, entropi ortalamasi degeri ise diisiiktiir.
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Mammalian Fauna of ‘Poyraz Wind Power Plant’ Area in Kepsut (Balikesir)

Pinar CAM:
Abstract

The aim of this study was to determine the mammal species distributed in and around Poyraz
Wind Power Plant area in Kepsut district of Balikesir province. Field studies were carried out
in a two-year period between 2014 and 2016. Sherman live animal traps, mist-nets, bat
detectors and camera traps were used to determine species. A total of 25 mammal species
included in Chiroptera, Carnivora, Rodentia, Cetartiodactyla, Lagomorpha and Eulipotyphla
orders were identified in and around Poyraz Wind Power Plant area. Of the bat species
distributed in the area, Myotis capaccinii (Long-fingered Bat), Miniopterus schreibersii
(Common Bentwing Bat) and Rhinolophus mehelyi (Mehely's Horseshoe Bat) are listed in VU
(vulnerable) category and Rhinolophus euryale (Mediterranean horseshoe bat) is listed in NT
(near threatened) based on the IUCN Red List of Threatened Species. Predatory mammal
(Order: Carnivora) Vormela peregusna is listed in “VU’ category. Other mammals living in the
power plant area are listed in the LC (low risk, widely distributed) category. There are no
endemic mammalian species in this area.

Keywords: Mammalian fauna, Wind power plant, Kepsut, Balikesir
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INTRODUCTION

Widespread and effective use of renewable energy sources is very important to minimize the
negative effects of climate change. As a result of increasing population and energy demand,
limited fossil fuel resources and environmental concerns, the trend towards sustainable energy
sources has increased rapidly in recent years (Kaya, 2019; Khanlari et al., 2020a, 2020b). Wind
energy is an effective solution for making use of renewable sources. Energy generation from
wind basically occurs through obtaining mechanical energy from the wind with turbine wings
and converting this into electrical energy with generator (Giirbiiz et al., 2021). Poyraz Wind
Power Plant is constructed in Kepsut District of Balikesir province and has an installed capacity
of 66,9 MW with 34 wind turbines. Poyraz WPP meets the annual electricity need of 61000
people. Poyraz WPP reduces a total of 125 thousand tons of CO; a year.

Negative impacts of the development of wind energy facilities include loss or change of habitat
resulting from the construction, installation and operation of wind energy facilities (Kuvlesky
et al., 2007) and also collisions with turbine wings that cause the direct death of birds and bats
(Arnett et al., 2008; Arnett and Baerwald, 2013; Hayes, 2013; Kunz et al., 2007; Orloff and
Flannery, 1992; Smallwood, 2013). Considering the energy need of our country, instead of
abandoning the use of energy sources due to their possible risks, possible damages to nature
and wildlife should be minimized during the construction and operation of wind power plants.
During their rotation, wind turbines harm birds and bats most due to the risk of collision. It is
very important to identify wild animals, especially bats species, distributed in the areas where
wind power plants are constructed to protect the natural habitats of the area and to monitor
wildlife. The present study studied the mammal fauna of Poyraz Wind Power Plant area in
Kepsut District of Balikesir province.

METHOD

In this study, a field work covering all seasons was carried out in a two-year long period
between January 2014 and December 2016. Live traps were used to detect the small mammal
species (Eulipotyphla and Rodentia) distributed in the area. The traps set at the entrances of
rodent nests at hours close to darkness were collected the next day when it started to lighten
up. Mist nets and bat detectors were used to detect the species included in the order of
Chiroptera. Tracks, faeces and food remains were used to detect large mammals in addition to
direct observations. Optical devices (camera, binoculars, telescope) and geographical recording
devices were used in all field studies. Camera traps were placed in the area to detect mammal
species other than small mammals, predatory mammals (Carnivora) and even-toed ungulates
(Cetartiodactyla). The captured animals were released back to their habitats after species
identification.

RESULTS

Field studies carried out in and around Poyraz Wind Power Plant identified 25 mammals from
6 orders and 12 families. The most represented orders in the terrestrial ecosystems in and
around the power plant are the order of Chiroptera including bats and the order of Rodentia
including rodents. The families with the highest number of species in the area are Muridae,
Mustelidae and Rhinolophidae. Figure 1 shows the ratio of mammal species distributed in and
around Poyraz Wind Power Plant according to their orders, while Table 1 shows the
percentages of the mammal species in the area. Mammal species in the area were evaluated in
terms of IUCN (International Union for Conservation of Nature and Natural Resources)
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categories. Myotis capaccinii (Long-fingered Bat), Miniopterus schreibersii (Common
Bentwing Bat) and Rhinolophus mehelyi (Mehely's Horseshoe Bat) are listed in VU
(vulnerable) category and Rhinolophus euryale (Mediterranean horseshoe bat) is listed in NT
(near threatened) based on the IUCN Red List of Threatened Species. Predatory mammal
(Ordo: Carnivora) Vormela peregusna is in ‘VU’ category. The remaining 20 species are in LC
(Least Concern= taxa with wide distribution and high population, low risk) category.

Of the species identified in the area, 32% are within the scope of Annex-I1 of Bern Convention
(BERN Convention = Convention on the Conservation of European Wildlife and Habitats) and
are species that should be strictly protected together with their habitats. Of the mammals in the
area, 28% are within the scope of Annex-1l1 of Bern Convention and they are protected fauna
species.

Table 2 shows the mammal species distributed in and around Poyraz Wind Power Plant in
terms of mammal species, orders and families, population trends, IUCN endangerment
categories and BERN assessments.

Eulipotyphla
Lagomorpha 4%

Cetartiodactyla 4%
4%

Chiroptera
32%

Rodentia
32%

Carnivora
24%

Figure 23. Rates of identified species in terms of their orders
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Table 1. Number and percentages of identified species in terms of their families

Order/ Family Species English and Turkish name Trend Status
Bern IUCN
. . Southern white-breasted
E |
EuI!potyphIa/ rinaceus concolor hedgehog/ Unknown i LC
Erinaceidae -
Kirpi
Mediterranean horseshoe
Chiroptera/ Rhinolophus euryale bat/ Decreasing | g1y NT
Rhinolophidae Akdeniz nalburunlu
Yarasasi
Chiroptera/ Rhinolophus ferrumequinum Greater horseshoe bat/ Decreasing Ek- Il LC
Rhinolophidae Biiyiik nalburunlu yarasa
Chiroptera/ Rhinolophus hipposideros Lesser horseshoe bat/ Decreasing Ek- 11 LC
Rhinolophidae Kigiik nalburunlu yarasa
. . . Mehely's horseshoe bat/
Chiroptera/ Rhinolophus mehelyi Decreasing
Rhinolophidae Mehely Nalburunlu Ek- 11 VU
Yarasasi
Chlro.p.terf?/ Pipistrellus pipistrellus Comrr.lion Pipistrelle/ Stable Ek- 111 LC
Vespertilionidae Ciice yarasa
Chiroptera/Vesp Myotis capaccinii Long-fingered bat/ Decreasing | Ek-11 | VU
ertilionidae Uzun parmakh yarasa
Chlro_p_terz_a/ Eptesicus serotinus . Serotine/ Stable Ek- 11 LC
Vespertilionidae Genis Kanatli yarasa
Chiroptera/ Miniopterus schreibersii Schreiber’s bent-winged Decreasing Ek- 11 VU

Miniopteridae
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Family Number of species | Percentage of species
Canidae 2 8,00%
Cricetidae 2 8,00%
Erinaceidae 1 4,00%
Leporidae 1 4,00%
Miniopteridae 1 4,00%
Muridae 4 16,00%
Mustelidae 4 16,00%
Rhinolophidae 4 16,00%
Sciuridae 1 4,00%
Spalacidae 1 4,00%
Suidae 1 4,00%
Vespertilionidae 3 12,00%
Total 25 100,00%

Table 2. Mammal species identified in the plant area

Bat/ Uzun kanath yarasa

Population

Conservation


https://www.iucnredlist.org/search?taxonomies=133721&searchType=species
https://www.iucnredlist.org/search?taxonomies=100741&searchType=species
https://www.iucnredlist.org/search?taxonomies=101414&searchType=species
https://www.iucnredlist.org/search?taxonomies=101414&searchType=species
https://www.iucnredlist.org/search?taxonomies=101414&searchType=species
https://www.iucnredlist.org/search?taxonomies=101414&searchType=species
https://www.iucnredlist.org/search?taxonomies=100798&searchType=species
https://www.iucnredlist.org/search?taxonomies=100798&searchType=species
https://www.iucnredlist.org/search?taxonomies=100798&searchType=species
https://www.iucnredlist.org/search?taxonomies=100798&searchType=species
https://www.iucnredlist.org/search?taxonomies=80265153&searchType=species
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L - -

10 Lagomqrpha/ epus europaeus European hare/ Yabani Decreasing | gy LC
Leporidae tavsan

i Sciurus anomalus . . . i
11 Ro_dema/ Caucasian squirrel/ Sincap Decreasing Ek- 11 LC
Sciuridae
12 Roden.tla/ Nannospalax xanthodon Nehring's bllncj mole 'Rat/ Unknown ) DD
Spalacidae Anadolu korfaresi
. Eastern broad-toothed field
i A
13 F:\;I’Sflr:jgzj podemus mystacinus mouse/ Stable - LC
Kayalik faresi
14 queqtla/ Cricetulus migratorius Grey fiwarf hamster/ Unknown ) LC
Cricetidae Ciice avurtlak
Rodentia/ Rattus rattus House rat/ Stable
15 . LC
Muridae Ev sigan1
16 Rodentia/ Rattus norvegicus Brown rat/ Stable LC
Muridae Gogmen sigan
Rodentia/ Mus domesticus House mouse/ Stable
17 A . LC
Muridae Ev faresi
Rodentia/ Arvicola amphibius European water vole/ Stable

18 - LC
Cricetidae Su sigan1

19 Carnivora/ Vulpes vulpes Red fox/ Stable LC

Canidae Tilki

20 Caranf)ral Martes foina Beech marten/ Stable Ek- 111 LC
Mustelidae Kaya sansar1

2 Carmvpral Meles meles Eurasian badger/ Stable Ek- Il LC
Mustelidae Porsuk
Carnivora/ Mustela nivalis Least weasel/ Stable

e Mustelidae Gelincik Ek-1il Lc

i Vi | Marbled polecat/ -

23 Carnlv_ora/ ormela peregusna arbled poleca Decreasing Ek VU
Mustelidae Alaca sansar i
Carnivora/ Canis aureus Golden jackal/ .

24 Canidae Cakal Increasing - LC

o5 | Cetartiodactyla/ Sus scrofa UL e Unknown | Ek-1Il | LC

Suidae Yaban domuzu

CONCLUSION AND RECOMMENDATIONS

A total of 25 mammals are distributed in and around Poyraz Wind Power Plant. Considering
that 171 mammals are distributed throughout Turkey, the mammal fauna in and around the
plant constitutes approximately 15% of the total fauna of Turkey. The plant area is particularly
important for 4 critical bat species distributed in the area (Myotis capaccinii, Miniopterus
schreibersii, Rhinolophus mehelyi and Rhinolophus euryale). Population of this bat species
shows a decreasing trend. Bats have an important place in the world ecosystem. They decrease
the activity of nocturnal insects and predators in agricultural areas. They also contribute to
controlling insects that transmit diseases to humans (Reiskind and Wund, 2009).

Due to its different types of ecosystems, Poyraz WPP site is a valuable area for our country.
Since light, dust and continuous mobility, activation of construction machines and transport
vehicles, which will disrupt the authenticity of the area, will cause wild animals to experience
stress, these negative factors should be minimized. Preserving the originality of water sources
and wetlands in the immediate vicinity is extremely important. Waste that will disrupt the
wetland composition should be prevented from contaminating and mixing with water. Damage
to aquatic ecosystems will affect all wild animal populations.
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https://www.iucnredlist.org/search?taxonomies=101028&searchType=species
https://www.iucnredlist.org/search?taxonomies=101297&searchType=species
https://www.iucnredlist.org/search?taxonomies=100711&searchType=species
https://www.iucnredlist.org/search?taxonomies=100570&searchType=species
https://www.iucnredlist.org/search?taxonomies=135044&searchType=species
https://www.iucnredlist.org/search?taxonomies=100570&searchType=species
https://www.iucnredlist.org/search?taxonomies=100570&searchType=species
https://www.iucnredlist.org/search?taxonomies=100570&searchType=species
https://www.iucnredlist.org/search?taxonomies=135044&searchType=species
https://www.iucnredlist.org/search?taxonomies=101172&searchType=species
https://www.iucnredlist.org/search?taxonomies=101172&searchType=species
https://www.iucnredlist.org/search?taxonomies=101172&searchType=species
https://www.iucnredlist.org/search?taxonomies=101172&searchType=species
https://www.iucnredlist.org/search?taxonomies=100387&searchType=species
https://www.iucnredlist.org/search?taxonomies=101129&searchType=species
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In summary, it is possible to acquire natural energy by periodically monitoring the mammals
distributed in and around Poyraz Wind Power Plant, following bat deaths and showing high
environmental sensitivity.
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Adaptive Re-use of Industrial Heritage as a Catalyst for Thriving Public Spaces: The Case of

Hasanpasa Gasworks

Seren OZDEMIR*
Ebru ERBAS GURLER?

Abstract

Cities have been changing in response to the changing dynamics of people over time. After
post-industrialization, these changes have been started to be observed dramatically within the
effects of globalization and rapid urbanization. Especially, it has been observed cities that neo-
liberal policies have been applied dramatically. This process has been usually linked with the
commodification and privatization of urban space as well as the decreasing number of public
spaces. Istanbul has become the one of the greatest examples of where public spaces has started
to diminish due to adopted policies. Adaptive re-use of abandoned industrial heritage complexes
have been a prominent strategy to create public space since they have distinct architectural features
to foster place identity, heritage value to support the creation of collective memory, and usually
have open spaces within it to foster social engagement. Within this context, adaptive re-use of
industrial heritage complexes as public spaces has been more crucial for cities like Istanbul
where urban spaces are contested dominantly by the flow of capital. This study aims to evaluate
creation of public spaces re-using of industrial heritage complexes in contemporary cities under
the influence of neo-liberal policies. Hasanpasa Gasworks has been selected as a case study in
Istanbul since it is the first and only case of re-use of industrial heritage complex as public
space and has been operating for a while to be able to conduct research. Under the scope of this
research, social dimension, spatial configuration, cultural value, and management approach have
been assessed to reveal the quality of new uses. The result of the study reveals the importance of
adapting abandoned spaces into a public space considering social, spatial, cultural, and
management aspects of the space. Further recommendations will be provided to industrial re-
use projects based on results of this study.

Keywords: adaptive reuse, industrial heritage, public space, place-quality attributes,
Hasanpasa Gasworks
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INTRODUCTION

Cities have been changing together with changing dynamics of society since the beginning of
the civilization. In contemporary age the changes happen in society making adjustments on
urban space too. Climate crisis, rapid urbanization, growing needs of resource are the three
biggest challenges urban areas facing in 21 century. These challenges make necessary to find
comprehensive solutions since cities are dynamic, complex, and interconnected systems. An
intervention is made on urban space can create a ripple effect another area of the urban systems.
Thus, making a rational decision on urban space these interconnected relationships need to be
considered.

Urban space has undergone drastic changes due to globalization and rapid urbanization after
the post-industrialization period. The pressure and reflection of neo-liberal policies emerged in
the urban space. In the 1960s and later, within the effect of globalization urban space underwent
a shift in emphasis away from large-scale clearance, uniliteral taking of private property and
urban displacement. Within the effects of globalization and neoliberalism urban space has
become an area for continuous reshaping of the built environment to create more efficient area
for profit making (Gotham, 2001). Cities such as Istanbul where these policies excessively
implemented have experienced a deep flow of global capital searching for places in urban
spaces. This has resulted in the commodification and privatization of urban spaces. Urban space
has been commodified under neo-liberal policies in cities such as Istanbul. Commodification
of urban space caused the emergence of privately owned public spaces and decreasing number
of public spaces.

Since cities are just like living organisms as they grow and change over the course of time in a
dynamic and complex manner, adaptation to changes is a crucial point to survive against the
challenges. Adaptive re-use refers to these survival capacities within the urban context. Rather
than embracing constancy, adaptation can be one of the tools to overcome challenges
considering the dynamic and complex nature of cities. The term ‘adaptive re-use’ can be
described as assigning a new function of a building which has already obsolete, disused, or
vacant (Burton 2014). By implementing adaptive re-use of buildings, a lifespan of the buildings
can be extended by giving a new function of buildings or complexes. Adaptive re-use of
building can prevent depletion of sources since it does not require demolish and built approach.
Adaptive reuse can convert obsolete, disused buildings into accessible, vital, and usable spaces
while adding a benefit of regenerating an area in a sustainable manner (Bullen & Love, 2011).
Through de-industrialization, industrial sites have become one of the areas turned into vacant,
obsolete areas in most of the cities. Thus, obsolete industrial complexes present a great
opportunity for renovating them through adaptive reuse strategy and eventually bring them
back to the cities for use. Most of the cases in Istanbul, industrial areas have been reused as
privately owned public spaces or public-private partnerships.

Adaptive re-use of industrial heritage presents a unique opportunity in terms of thriving spaces
in urban areas. However, the capability of this opportunity depends on design strategies and
management approaches have been acknowledged through the re-use process. Since cities are
complex chains of relationships incorporating dimensions such as social, physical, cultural,
economic, and political, interventions made on urban space can be a challenging duty. Besides,
incorporating the effect of complexity of constant change on human dynamics effect on urban
space, decisions on urban space can be even more challenging.
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The primary aim of the study is to evaluate space through adaptive re-use of industrial heritage.
This thesis focuses on spatial dimension, social dimension, heritage protection dimensions of
adaptive re-use of industrial heritage. By focusing on these heritage sites’ capability of the
transform underutilized spaces into vibrant, thriving, and inclusive urban spaces while
protecting their heritage value has been examined as well as exploring dimensions affecting
success and use of adaptively reused industrial complexes in terms of creating thriving, vibrant,
inclusive urban spaces. Assesing the use of space adaptively reused industrial heritage
complexes in terms of public space quality parameter strategies. The study will explore various
aspects, including public space quality parameters and heritage protection adaptive reuse of
industrial to heritage provide a holistic understanding of the potential benefits and challenges
associated with adaptive re-use in industrial complexes.

METHODOLOGY

This study applies epistemological approach regarding on occupancy of industrial heritage area
after re-use. To be able to conduct assessment, social, spatial, heritage value aspects of place
that human establish with relationship in terms of these manners has been reviewed on
literature. A literature review was made on provide a general theoretical framework to evaluate
adaptive re-use of industrial heritage. Heritage value and place quality attributes has been the
space regarding on adaptive re-use of industrial heritage in terms of design strategies and
heritage protection aspects.

Deindustrialization of Cities

Cities have always facilitated population growth and economic agglomeration, relying on the
advantages of density, proximity, and connectivity (Burdett, 2022). The density, proximity and
connectivity exist in nature of cities, creates a complex and dynamic structure. Since cities are
interconnected to multiple dynamic and static systems at various levels both directly and
indirectly, intricate changes can easily affect their whole structure of the cities. (Aytac et al.,
2016)

Within the second half of the 20" century, industrialization trend has started to decrease
significantly, and de-industrialization process has begun.(Keskin, 2005. The de-
industrialization of cities brought about major structural change, which has already
significantly changed by the industrial revolution starting from 1800s. These changes were
observed during observed in cities caused by the change of global economy and transition of
energy from industry to technology (Oures et. al, 2008)

The adoption of technological advancements in production patterns, globalization, and
changing economic approaches have resulted in the need for changes in city structures as well.
As de-industrialization refers to changes economic pathway was shifted from manufacturing
to service-based knowledge economy (Bell, 1976), requirements for service-based knowledge
economy required a different spatial configuration in cities rather than industrial cities.
Widespread decrease of industrialization has been observed most of the cities which industrial
production has been took place. There are many of subsequent results of de-industrialization
observed in industrial cities. Within the changing economic dynamics, socio-spatial structure
of the cities had been affected. One of the pivotal results of de-industrialization is the
abandonment of industrial complexes since there is no need these structures anymore.

Occupancy of Industrial Complexes after De-Industrialisation
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Industrial complexes were the crucial component of industrial era since the whole production
patterns associated with these complexes. Since cities are exposed to constant changes
throughout the human history, it has been resulted in the shift of land uses and urban fabric
because of changing needs on urban space. Within changing dynamics of cities after de-
industrialization, industrial complexes and their nearby environment have been turned into
obsolete, neglected area. As industrial complexes located epicenters in cities allocated for
production no longer to be needed mostly due to changing production patterns due to de-
industrialization. Industrial complexes have become functionally obsolete due to
industrialization losing its significant importance, resulting in no longer being necessary for
the originally built complex (Langston et al., 2008).

These areas have become less attractive when they have become functionally obsolete for cities
for a long-time causing struggle by creating gaps in urban fabric since they are not in use
anymore. The underused occupation of industrial complexes posed a thread in various aspects
these threads even multiplied since they are located mostly the central areas of most of the
industrial cities. The gaps emerged within the abandonment of industrial complexes, create
unvital, impermeable urban environments which effect social life in its nearby environment.
The underutilization of these industrial complexes has created a challenge for designers,
planners, and architects in terms of integrating them to urban fabric again. However,
considering the issues associated with obsolescence and vacancy such as unvital social life and
security issues due to this vacancy have make necessary to integrate industrial complexes into
urban fabric.

Heritage Value of Industrial Complexes

The architectural features of the industrial complexes may vary since each industrial production
has its own unique production process. As a result, each industrial complex differs from each
other and has its own distinct features. The International Committee for the Conservation of
Industrial Heritage (TICCIH) indicates that the vast variety of structures, cities, and landscapes
indicates that humans engaged in industrial extraction and production have a historical
significance.

In 2003 the International Committee for the Conservation of Industrial Heritage (TICCIH) has
been established ‘Nizhny Tagil Charter’ which was the first at international charter that guides
protection and conservation of industrial complexes. As stated in Nizhny Tagil Charter,
historical, technological, social, architectural, or scientific significance of the industrial
remnants are referred to as heritage value of industrial buildings. The remnants can be classified
as buildings and machinery, workshops, mills and factories, mines and sites for processing and
refining, warehouses and stores, places where energy is generated, transmitted, and used,
transport and all its infrastructure, as well as places used for social activities related to industry
such as housing, religious worship, or education (The Nizhny Tagil Charter for The Industrial
Heritage, 2003).

The significance of industrial heritage has been stated in New Charter of Athens: Vision for
Cities in the 21st century of 2003, developed by the European Council of Town Planners,
protection of city identity plays a crucial role in urban development while pointing out the
importance and needs to be strengthened in the dynamically developing World. (Fiorani et al.,
2017)

Industrial heritage conveys archaeological evidence of past industrial technology
and processes, architecture, town planning and social life (Plevoets & Van Cleempoel , 2019),
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lifespan of industrial structures and their distinct features might be possible with understanding
the importance of its tangible and intangible values that can be both at a local and international
level (Keskin, n.d.).While tangible values referred to values architectural and structural
characteristics which associated with industrial technology and processes, intangible values
associated with the collective memory, social life of workers and communities, and embodied
skills through industrial activity. (The Nizhny Tagil Charter for The Industrial Heritage, 2003).
These intangible values refer to the accumulated knowledge regarding the industrial past of the
area. In terms of public realm, preservation of heritage is crucial since they incorporate cultural,
educational, developmental, symbolic, and identity-related benefits (Lah, 2019). By
acknowledging industrial complexes’ heritage value, attempts can be made to extend their
lifespan to preserve their unique character of industrial complexes.

Transformative Approaches

To embrace the post-industrial sites’ potential as the grounds of environmental and social
transformation, an involved, adaptable, and revelatory approach is required since each site has
its own characteristics (McLean, 2019). However, since industrial activities and processes are
exposed to constant change and development, throughout the history industrial sites often
undergo continual change and adaptation. Unlike office or residential, industrial complexes are
not easy to keep using custom-built industrial places for their original purpose. In that manner
adaptive re-use particularly important to upkeep industrial buildings (Heritage Council of
Victoria, 2013)
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Figure 24: Transformative approaches to industrial complexes (Bianchi, Turturiello, 2016).

3"International Congress on Multidisciplinary Natural Sciences ICOMNAS-2023), Dec 07-08 2023 I
Ankara / TURKEY | 267



F ™ InTernaTiONAL
Congress oNn Mulridisciplinary Natural
Sciences

ISBN: 978-62%-6488-28-8

The adaptive reuse of a building results in more than just its survival. Understanding the
heritage site, building, or precinct necessitates a sophisticated understanding. Other
considerations include the residues of activities and processes, the spatial structures and
configurations, the link between the site and its location, and significant views to, from, and
within the site. While repurposing industrial legacy, a proposed use should aim to preserve
evidence of technologies, material and people flows, and work processes.

Adaptive Re-use of Industrial Heritage for Thriving Public Spaces

Adaptability refers the capability of a building to change towards built environment to respond
and fit the evolving demands of its users and environment while maximizing value through its
lifecycle (Schmidt, 2009). The term ‘adaptability’ refers to corresponding the needs for the
users or the environment has been undergone transform while maximizing the value of a
building. Buildings protect that kind of flexibility can be seen as places that protect the real
life-cycle values and efficient places (Bianchi, Turturiello, 2016). By this way, adaptive re-use
can be one of the strategies to mitigate the source depletion while creating places that
corresponds current needs. The emergence of adaptive reuse has been rooted 1960°s and 1970’s
within the growing concern regarding on environment it has been discussed among architects,
planners, and designers (Cantell, 2005).In addition to improving the spatial and technical
characteristics of a building, adaptive re-use considers the user's needs. Spatial and technical
features of a particular building can be enhanced in accordance with users’ need through
adaptive re-use. To overcome obsolescence and redundancy in buildings adaptive re-use
become a prominent strategy while ensuring the long-term future of buildings threatened by
dilapidation, vacancy, and eventual demolition (Douglas, 2006). However adaptive reuse is a
special form of refurbishment that poses quite difficult challenges for designers. (Langston et
al., 2008) Finding a matching need for new use to assign the building can be challenging part
since it requires source, a holistic management approach, participation, and collaboration of
various stakeholders.

Adaptive reuse of heritage buildings can provide new social dynamics within their
surroundings and facilitate the regeneration of urban areas. Moreover, by involving citizens in
the process, their sense of attachment to and pride in their living environment is enhanced.
Adaptive reuse of heritage buildings, if conducted properly, can contribute to well-being,
amenity, safety, and equity in societies (Arfa et al., 2022).

The Notion of Public Space and Placemaking

Public spaces have variety of distinct roles in urban context encompassing symbolic, aesthetic,
political, social, ecological, psychological, and physical components which makes public
spaces essential component of urban systems (Akkar Ercan, 2007). Urban systems have
composed of private and public spaces, public spaces are the performing areas where people
can interact each other, socialize irrespective by their backgrounds. By welcoming all, they
bring together diverse groups of people, regardless of their class, ethnic origin, gender, or age,
making them able to interact. (Madanipour, 1999). Due to their feature as a catalyst for social
interaction, public spaces are essential components for social cohesion in cities.

Within the prior economic concerns, the importance of public space has lost interest. As a result
of changing economic dynamics, the public space has been evolved accordingly within these
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changes. The adoption of neoliberal economy has resulted in the development of various types
of public spaces that are questionable due to their economic motivations. Public spaces
characterized with the post-industrial cities called as ‘pseudo public spaces’, ‘quasi-public
spaces.” These spaces are distinguished by the strong emphasis on their roles in economic,
symbolic, and aesthetic associated with ‘privatization’, ‘commodification’ and
‘commercialization’. (Loukaitou-Sideris, 1988)

Quality Parameters regarding Contemporary Public Space

The capability of public spaces’ effect mental well-being of humans, foster social interaction
and ensure social coherency public spaces have been associated with various parameters by the
theorists and scholars. The quality of space has associated with various dimensions due to its
dynamic and socially bounded nature (Rapoport 1970).

The groundbreaking studies of Jacobs (1961) and Whyte (1980, 1988) served as the foundation
for the ideas of place-making in the 1960s. Table 1 illustrates the scholars who have been
developed idea regarding on place quality attributes with respective indicators.

Table 1: Quality parameters have been developed by researchers regarding on contemporary
public spaces.

Space Quality Indicators Researchers
Dimensions
Accessible Lynch, 1984; Gehl, 1987,
2011; PPS,2000,
The physical pattern that is enable Whyte, 1985,2000; Gehl, 2010;
social interactions PPS, 2000
JURL Physical comfort Gehl, 1987, 2011
Suitable areas for recreation Whyte, 1985; PPS, 2000; Carr,
1992
Social Existence of various kind of activities Whyte, 2000; Gehl, 2010
Inclusiveness Gehl, 2010

Heritage Value Preservation

One of the pivotal objectives of any heritage adaptive re-use project is the preservation.
Preservation efforts which sustain a site’s value and enable its use for contemporary purposes
are an essential component of any heritage adaptation project. (Jokilehto, 1988). The
distinct design elements that precisely represent the uniqueness of their original creation are
known as authentic features (Alavi, et.al, 2022). Within the framework of adaptive reuse,
evaluating the quality of conservation work primarily involves two factors: the first addresses
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the extent of alterations made to the original fabric while minimizing losses, and the other
addresses the reversibility of contemporary actions like electrical wiring and architectural
design (Alavi et. al., 2022).

Table 2: Aspects for industrial heritage protection (Alavi et. al., 2022).

Conservation of authenticity and characteristic and observing the
principle of minimum intervention

SVEIVEI O NOg I CIgEWl Possibility of understanding the original function

for Protection Compability of new extensions and furniture with physical
characteristics of the building

The adaptive reuse of a building results in more than just its survival. Understanding the
heritage site, building, or precinct necessitates a sophisticated understanding. Other
considerations include the residues of activities and processes, the spatial structures and
configurations, the link between the site and its location, and significant views to, from, and
within the site. While repurposing industrial legacy, the new endeavor should aim to preserve
evidence of technologies, material and people flows, and work processes.

Evaluation of Adaptive Re-use of Industrial Heritage

Founded in 1892 to meet the energy needs of the Anatolian side, Hasanpasa Gasworks is an air
gas factory where coal is burned to produce gas and the gas produced is used for heating and
lighting. In 1993, the factory was liquidated and its function as a factory was terminated and it
took its place in the memory of the city as an industrial heritage (URL)

Areainz;  New Function

PR\ 4
o
\
% [ Refunce
L R § Re-functioned Original Structures
M { with New Hanged Additions
d n . i New Additions
H . New Structure d Original Traces
& = New Interpretations to Old
T I
-l

Figure 25: New uses for Hasanpasa Gasworks (URL2)

In terms of physical place quality attributes Hasanpasa Gasworks located in Hasanpasa
Neigborhood, Kadikdy district of Istanbul where it is nearby different public transportation
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routes. The area is inaccessible to any mode of transport which promotes walkability and
interaction through its spatial configuration. In terms of physical comfort, there are various
kind of urban furnitures that promotes comfort in the area. Since Hasanpasa Gasworks was an
industrial complex, it has its own open space and it is used for the recreational activities, open-
air activities, concerts and leisure.

The social attributes in terms of promoting place-quality in the area are the existence of various
kind of activities, and sociability. In terms of existence of various kind of activities Figure 4
illustrates different kinds of uses proposes in Museum Gasworks.

MUZE 1.SERGE ETKEINLEK ALANI
MUSEUM EXHIBITION I ACTIVITY SPACE

MUZE 2.SERGE ATBLYE o1

MUSEUM EXHIBITION II WORKSHOP 01

BUYUK SAHNE ATHLYE 02 f| g RESTORAN
LARGE STAGE WORKSHOP ©2 RESTAURANT
KUGUK SAHNE KUTUPHANE e kiTaBevi
SMALL STAGE LIBRARY BOOKSHOP

188 KARIKATUR

VE mizan mizesi SESLE CALISMA ALANI & g PAZAR YERL

CARTOONS AND STUDY HALL

HUMOR NUSEUM MARKETPLACE

SAHNE BILET SATIS
DANISHA BOX OFFICE g MESCET
INFORMATION PRAVER ROOM
h i SEViR TERASI

MUZE BILET SATIS 14 B TUVALETLER

MUSEUM TICKET OFFICE e E
RESTROOMS

atLin merxezt OTOPARK (YAYA)

CAR PARK (PEDESTRIAN)

SCIENCE CENTER
GALERI GAZHANE 1pari ofFis
GALLERY GAZHANE ADMINISTRATIVE OFFICE

Figure 26 Different uses in Museum Gasworks (Source:
https://muzegazhane.istanbul/ziyaret/ )

In terms of inclusiveness, the area proposes various kind of socio-cultural activities free of
charge such as different ateliers, causeries, and concerts. The library, museums, exhibition can
be used and visited without any fee. Proposing the activities, the area welcome everybody
irrespective from their background. Existence of various kind of uses enable sociability in the
area. Availability of workshops, causeries, theatre etc. foster socialability.

In aspect of industrial heritage protection, signboards have been provided in each structure with
respect to its use in industrial manner. Figure 5 shows the examples from the area in terms of
promotion of awareness regarding the area’s industrial past.
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In terms of protection of distinct heritage identity, it was seen that the industrial structures have

been protected substantially. The comparison of the site for the before and after adaptive re-
use was given in Figure 6.

r %
i
Fann—M ve St - L (Yiksel. §.)

erthans - L (VISsel. §.

Stetkti ~ L ve Funn- M (Viksel. §.)

Mize Gaztase web stesinden shoas kroki Werinden yapiar
osteriiyte

Stk 2. H)

Figure 28: Before and after re-use of the area. (Source: Yiiksel, S., Savas H.)

As it can be understood distinct industrial features have been protected significantly. The
architectural feature of the buildings such as cooks, structure, coal storage has not been lost
their features after re-use process. The gasometers have been renovated in accordance with its
original architectural feature since they are demolished due to obsolesce.
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Conclusion

The evaluation of the area according the evaluation framework in terms of physical aspect
shows that people can access the area by using different public transport routes. Pedestrian
priority has been provided for enabling engagement. Thus, it meets the criteria for place quality
attributes. Provision of various types of activities without fees promotes inclusivity and
sociability as a public space. Thus, the area meets the criteria for place quality attributes in
terms of social aspect.

In terms of heritage value protection, it was seen that to promote awareness regarding industrial
past of the area, related information has been provided in the area in respect to each industrial
building. Renovation of the structures that have been demolished due to obsolesce
accomplished by protection of the feature of the original usage. The before-after comparison
shows distinct industrial character was protected significantly during reuse process.

As a result of the evaluation of Hasanpasa Gaswork’s adaptive re-use as a Museum Gasworks,
it was seen that the area meets the criteria physical, social, and heritage value protection aspect
substantially in terms of creating thriving public spaces. In cities like Istanbul, where urban
space is largely shaped by economic policies, it is critical that heritage buildings are brought
to the city as public spaces, and Museum Gasworks meets the criteria as a result of evaluation
in different aspects. Adaptive re-use of the area presents a significant example since the area
promotes its users thriving public space experience while protecting the heritage value.
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Yesil Baglantilar: Ekolojik Koridorlarin Yaban Hayvanlari icin Onemi

Pinar CAM*
Ozet

Ekolojik koridorlar, pargalanmis peyzajlardaki uygun habitat adalar1 arasinda organizmalarin
hareketini saglayan peyzaj yapilar1 olarak tanimlanmaktadir. Hayvanlar tarafindan giinliik ya
da mevsimsel hareketlerde (go¢, yayilma vb.) kullanilan koridorlar ayn1 zamanda peyzajdaki
diger ekolojik fonksiyonlara da katkida bulunmaktadir. Yaban hayati koruma ¢abalar1 biiyiik
Ol¢iide korunan alanlardan olusan aglarin kurulmasina odaklanmistir. Yaban hayati
popiilasyonlar1 saglikli ve baglantili ekosistemlere ihtiyac duymaktadir. Tiirlerin diinya
capindaki azaliginin birincil nedeni olarak habitat par¢alanmalar1 isaret edilmektedir. Diisiik
genetik varyasyon (heterozigotlugun dusiisii) Onemli bir endise kaynagi olarak
gosterilmektedir. Heterozigotlugun kritik bir belirleyicisi, mekansal olarak ayrilmis
popiilasyonlar arasindaki gen akisinin miktaridir. Nesli tiikenmekte olan yaban hayat1 tiirleri
icin temel habitatlarin ve ekolojik koridorlarin belirlenmesi ve 6nceliklendirilmesi biiyiik 6nem
tasimaktadir. Ozetle, yaban hayat1 koridorlar1, habitat kaybinin telafisi olarak dnerilmese de,
dikkatli bir planlama ve tasarimla, par¢alanmis habitatlar arasinda bireylerin dagilmasina izin
vererek, habitat parcalanmasinin olumsuz etkilerini azaltmaya yardimci olabilmektedir.
Anahtar Kelimeler: Ekolojik koridor, yaban hayati, habitat pargalanmasi, habitat kayb1
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GIRIS

Insan etkisi olmaksizin, dogada hiikiim siiren omurgali hayvanlar ve bu hayvanlarin birbiriyle
iliskisinin tiimii “yaban hayati” terimine karsilik gelmektedir. Yaban hayatinda dogal hayvan
popiilasyonlarinin dinamigi etkindir. Bu dinamigin antropojenik etki dedigimiz insan etkisiyle
ya da dogal yollarla bozulmasi bir¢ok ekolojik probleme neden olacaktir. Habitatlarin
parcalanmasit ve bozulmasi, buna bagli olarak habitat terki, mecburi hayvan gogleri,
biyogesitliligin diisiisli bu problemler arasindadir.

Gilintimiizde dogay1 korumaya ve 6zellikle biyolojik cesitlilige yonelik baslica tehditler habitat
kayb1 ve pargalanmasidir (Bennett, 1999; Henle vd., 2004; Durdi¢, 2010). Habitat
pargalanmasi, slirekli bir habitatin habitat yamalarina, yani boyut ve konfigiirasyon agisindan
farklilik gosteren pargalara doniismesidir (Fahrig, 2003). Bu stirecteki ilk asama, habitat
boyutunun kii¢iilmesi olan habitat kaybidir. Bu genellikle habitatin pargalara ayrilmasiyla, yani
nihai par¢alanma siireciyle sonuglanir. Bunun sonucunda habitat, ¢evresindeki matris i¢inde
parcalardan (yamalardan) olusan bir mozaik haline gelir. Matris, habitat parcalarini ¢cevreleyen
tiim fiziksel ve biyotik boyutlarinda farkli olan ¢esitli komiinite tiirlerini temsil eder (Hilty vd.,
2006). Habitat kaybi ve pargalanmasi hem dogal hem de antropojenik siire¢lerden
kaynaklanabilmektedir.

Yaban hayati koruma ¢abalar1 biiyiik 6l¢iide korunan alanlardan olusan aglarin kurulmasina
odaklanmistir (Naughton-Treves vd., 2005). Bununla birlikte, mevcut koruma alanlarinin gogu
kiigiik boyuttadir ve basta biliylik memeliler olmak iizere bir¢ok yerli tiirlin yasayabilir
popiilasyonlarini desteklememektedir (Opdam vd., 2006). Yaban hayat1 popiilasyonlarinin
yasayabilirligi, temel popiilasyon alanlarinin ve bunlar arasindaki dagilim baglantilarinin
korunmasina baghidir (Cushman, 2006; Keyghobadi, 2007). Habitat baglantilari
metapopiilasyonlart demografik stokastiklikten korur ve ayni soydan hayvanlarin giftlesmesi
depresyonunu 6nler (Packer vd., 1991). Dogal alanlarin korunmasina yonelik mali kaynaklarin
cok sinirlt olmasi ve hizla artan insan niifusu ve ekonomilerin Asya'da arazi kullanimi tizerinde
giderek artan bir baski olusturmasi nedeniyle, nesli tikenmekte olan yaban hayati i¢cin temel
habitatlarin ve ekolojik koridorlarin belirlenmesi ve onceliklendirilmesi biiyliik 6nem
tasimaktadir. Ekolojik koridorlarin olusturulmasi, tiirlerin yayilisi, hareketi veya genetik
farklilagsmasina iliskin kapsamli deneysel verilere dayanmalidir (Rudnick vd., 2012; Cushman
vd, 2018).

Habitat parcalanmasi bircok yaban hayati popililasyonu icin ana tehdit olarak kabul
edilmektedir (Soulé¢, 1986; Lande, 1988; Robinson vd., 1995; Leach ve Givnish, 1996). Habitat
parcalanmanin neden oldugu ¢esitli olgular arasinda, bireysel organizmalar diizeyinde diisiik
genetik varyasyon (yani heterozigotlugun azalmasi) 6nemli bir endise kaynagi olmustur (Soulé
ve Simberloff, 1986; Boyce, 1992; Caughley, 1994; Frankham, 1995; Young vd., 1996).
Heterozigotlugun kritik bir belirleyicisi, mekansal olarak ayrilmis popiilasyonlar arasindaki
gen akisinin miktaridir (Hansson ve ark. 1995). Par¢alanmis hayvan popiilasyonlarindaki gen
akist, bir bireyin dogdugu alandan gog ettigi, farkli bolgelere dagildigi ve nihayetinde baska
bir alana kalic1 olarak yerlestigi siireci ifade eder (Ims ve Yoccoz, 1997). Gamet dagilima,
bireyin ana bdlgeye veya topluluga dondiigii kisa siireli ¢iftlesme gezilerinden kaynaklanir
(Waser ve Elliot, 1991; Koenig vd., 1996). Bireylerin hareketliliginin kisitlanmasi genellikle
habitat parcalanmasinin en dogrudan sonucu oldugundan (Ims, 1995), gen akisi izolasyona
neden olacak kadar etkilenebilir ve bu nedenle heterozigotluk seviyelerinde azalmaya neden
olabilir.
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Yirmi yili askin bir siiredir ekologlar, habitat koridorlarinin (yani, izole edilmis habitat
pargalarim birbirine baglayan dar habitat seritlerinin) par¢alanmuis alanlarda bireylerin ve
genlerin aktarimini artirabilecegini savunmaktadir (Fahrig ve Merriam, 1985; Forman ve
Godron, 1986; Saunders ve Hobbs, 1991; Hobbs, 1992; Dawson, 1994; Forman, 1995). Habitat
koridorlar1 diinya ¢apinda pahali bir koruma stratejisi olarak uygulanmaktadir (Mann ve
Plummer, 1993). Bununla birlikte, koridorlar araciligiyla gergeklesen basarili transferlerin
Ongoriilen artigina iligkin deneysel kanitlar yetersizdir (Noss, 1987; Simberloff ve Cox, 1987;
Simberloff vd., 1992; Mann ve Plummer, 1993). Ozellikle de koridorlarin, parcalanmis
poptilasyonlarda yliksek heterozigotluk seviyelerini koruyacak sekilde gruplar arasi
melezlesmeyi artirip artirmadigi higbir calismada deneysel olarak test edilmemistir. Deneysel
calismalarin azlig1 ekologlar arasinda tartismalara yol agmis (Hobbs, 1992) ve deneye dayanan
calismalarin acil ihtiyag oldugu kabul edilmistir (Dawson, 1994; Mann ve Plummer, 1995).
Ekolojik koridorlarin dogay1 korumadaki anlam ve 6nemi iki ana ekolojik ve biyocografik teori
ile anlagilmaktadir. Bu teoriler, 1967 yilinda Robert A. Mac Arthur ve Edward O. Wilson
tarafindan gelistirilen “Ada Biyocografyast Teorisi” ve 1970 yilinda R. Levins tarafindan
kurulan “Metapopiilasyon Teorisi” dir. Adalar biyocografya lizerinde her zaman biiyiik bir
etkiye sahip olmustur. Bunun bir ¢ok nedeni vardir: adalar ve goller, dag tepeleri ve magaralar
gibi diger insular habitatlar dogal deneyler i¢in ideal alanlardir. Bu habitatlar, nispeten basit,
tanimlanmis, ¢ok sayida ve izole olduklar1 i¢in (Brown ve Lomolino, 1998) ger¢ek dogal
laboratuvar ortami sunarlar.

Ada Biyocografyast Teorisi: Teoriye gore, izole (mekansal ve islevsel) alanlarin
biyocografyasinda iki genel egilimden bahsetmek miimkiindiir. Bunlar, tiir sayisinin ada
alamyla birlikte artmasi ve ada izolasyonuyla birlikte azalmasi egilimleridir. Bu teori ile
dinamik denge kavrami gelistirilmistir; karsit giigler siirekli degisimlere veya doniistimlere
ugradikca, sistemin bir takim 6zelliklerinde siirekliligi korunur (Brown and Lomolino, 1998).
Bu teorinin dag tepeleri, goller, magaralar veya korunan alanlar gibi ¢esitli yalitilmis habitatlar
iizerinde de genisletilmesiyle, ekolojik koridorlar araciligiyla mesafe etkisinin azaltilmasi1 daha
gercekei hale gelmistir. Mesafe etkisi izolasyon etkisine esittir ve ada habitatlari i¢in izolasyon
etkisi, tlirlerin goglerini kolaylastirabilecek uygun bir habitat koridoru olusturularak en aza
indirilebilir. Koridorlarin kullanima tiirlere ve ekolojik kosullara baghdir.

Metapopiilasyon Teorisi: Metapopiilasyon terimi Levins tarafindan tarim alanlarindaki bocek
zararlilarinin popiilasyon dinamiklerine iliskin bir modeli tanimlamak i¢in tiiretilmistir. Fakat
bu teori esas olarak parcalanmis habitatlardaki tiirlere atifta bulunmaktadir. Metapopiilasyon
teorisi (Levins, 1970; Hanski, 1994), etkilesim halinde olan tiir popiilasyonlarinin hayatta
kalmasin1 saglamak i¢in doldurulmasi gereken adalar veya parcalar arasindaki iligkiyi
degerlendirmeye ¢alisir.

Metapopiilasyon, birbirleriyle etkilesim halinde olan bir dizi yerel popiilasyondur. Ayni
zamanda, yerel neslin tiikkenmesi ve mevcut bos arazilerin uygun habitat pargalariyla
kolonilestirilmesi arasinda stokastik bir denge i¢inde olan dinamik bir yerel popiilasyon
grubudur. Insan faaliyetleri ve dogal afetler, dogada metapopiilasyon olgusunun artmasinin
baslica nedenleridir. Biyocografyacilara gore, koridorlar, ana dagilim yollarindan biridir.
Biyotik degisim tizerindeki etkilerine gore dort temel dagilim rotasi tiirii vardir (Brown ve
Lomolino, 1998): I) Koridorlar (taksonlarin bir bolgeden digerine hareketini saglayan dagilim
yollar1 (Simpson, 1940; Udvardy, 1969; Brown ve Lomolino, 1998)), II) Filtreler (bariyer
kosullarini tolere edebilenlerin serbestce go¢ etmesine izin verirken belirli formlarin gegisini
secici olarak engelleyen dagilim rotalart), IIT) Cekilis rotalart (biiylik bir bariyer boyunca bir
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bolgeden digerine sans eseri dagilim) ve iv) Diger dagilim rotalar (bir kara kiitlesinin deniz
taban1 yayilmasiyla bir yerden bagka bir yere kaymasiyla olusabilir).

Ekolojik Koridor Tanimlari

Zaman i¢inde koridorlar i¢in ¢ok sayida tanim Snerilmistir. Baz1 yazarlar koridorlari, biyotanin
bolgeler arasinda hizli ve secici olmayan bir sekilde yayilmasini saglayan gilizergahlar olarak
tanimlamistir (Perault ve Lomolino, 2000). Baska bir tanima gore ise koridorlar "genis
kapsamli hayvanlarin seyahat edebildigi, bitkilerin yayilabildigi, genetik degisimin
gerceklesebildigi, popiilasyonlarin ¢cevresel degisikliklere ve dogal afetlere tepki olarak hareket
edebildigi ve tehdit altindaki tiirlerin diger alanlardan yenilenebildigi yollardir" (Walker ve
Craighead, 1997). Soulé ve Gilpin (1991) koridorlari, iki veya daha fazla dogal yasam alan
parcasini birbirine baglayan ve hareketi kolaylastirma islevi goéren dogrusal unsurlar olarak
tasvir etmistir. Hilty vd. (2006) tarafindan verilen tanim ise su sekildedir: "Koridor,
organizmalarin yasam alanlarimin parcalar1 arasinda hareket etme kabiliyetini gelistiren,
genellikle dogrusal sekle sahip herhangi bir alandir".

Birgok Avrupa ilkesi, doganin korunmasina yonelik farkli hedef ve yaklasimlara vurgu
yaparak kendi koridor tanimlarini geligtirmistir. Bunu, bu terimin ekolojik koridorlar, habitat
koridorlari, yaban hayati koridorlari, biyolojik koridorlar vb. gibi bir dizi esanlamlis1 takip
etmektedir (Cur¢i¢ ve Purdié, 2013).

Ekolojik Koridorlarin Tiirleri, Onemi ve Islevleri

Koridorlar farkli mekansal diizeylerde olabilirler; bir yanda Pleistosen doneminde Bering
Bogazi'nda oldugu gibi kitalararasi 6lgege ulasabilirken, diger yanda organizmalarin yogun
bitki ortiisii veya karmagsik topografik alanlar iizerinden hareketini artiran kiiciik Slgekli
patikalar seklinde olabilirler.

USDA Arazi Diizeyinde Koruma Koridoru Planlamasi El Kitab1 (1999) koridorlar1 biiyiikliik
ve tlir agisindan ayirmaktadir. Biiyiikliik agisindan, bolgesel, su havzasi veya ciftlik
biiytikliigiinde koridorlar olarak adlandirilirlar. Bolgesel koridorlar, farkli ekosistemlerden
olusan genis alanlar1 birbirine baglar. Bu koridorlar yaban hayvanlarinin, bitkilerin ve diger
organizmalarin ana hareketlerini artirir. Havza koridorlari, genellikle Kkilometrelerce
genisliktedir. Bir su havzasi i¢inde yaban hayatinin hareketini gelistirirler. Ciftlik koridorlar -
genellikle- sadece yiizlerce metre genisligindedir ve yerel yaban hayatinin hareketini arttirirlar.
Koridorlar biyogesitliligin bazi seviyelerine veya tiim seviyelerine odaklanabilir. Koridorlar
farkli mekansal seviyelerde ortaya ¢ikar. Koridorlar bir tiir i¢in baglanti saglarken, digerleri
icin tiirlerin farkli operasyonel dlgekleri ve habitat gereksinimleri nedeniyle bir engel olabilir.
Populasyondaki bireylerin hayatta kalmasinin bir komiinitenin biitiinliigiinden etkilenebilecegi
gerceginden yola ¢ikilarak, miimkiin olan yerlerde tiim tiir gruplar1 (komiinite) i¢in planlama
yapilmalidir. Genel olarak, ekolojik koridorlar su ekolojik hizmetleri saglayabilir: hareket ve
dagilim, genel tiir devamliligi, habitat baglantisi, genetik degisim, avlanmadan kaginma ve
saglikli ekosistem isleyisi. Bazi tiirlerin mevsimsel ve yillik goclerini siirdiirebilmeleri i¢in
koridorlarin korunmasi gerekmektedir. Ornegin, Amerika antilobu (4ntilocapra americana)
Biiytik Taton Milli Parki ile Wayoming'deki Kizil Col arasinda alt1 bin yildan uzun siiredir
kullanilan giizergah tizerinden 270 km kadar go¢ etmektedir (Hilty vd., 2006). Bu giizergahin
yok edilmesi, bu tiiriin popiilasyon dinamiklerini olumsuz yonde etkileyecektir.
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Baglantis1 olmayan esdeger habitat pargalarina kiyasla, koridorlar genel olarak tiirlerin
devamliligini artirabilir. Bu, normalde ayr1 olan popiilasyonlar arasinda tiirlerin hareketine
yardimet olarak basarilabilir. Tiir gd¢lerinin artirilmasiyla, koridorlar belirli bir yama i¢indeki
tirlerin devamliligini artirarak kiigiik popiilasyon gruplarini yok olmaktan kurtarabilir. Bu
sekilde koridorlar, yerel nesil tilkenmesinden sonra bir habitat pargasinin yeniden
kolonilesmesini saglar (Beier ve Loe, 1992).

Baglanabilirligin artirilmasiyla, yaban hayati popiilasyonlar1 arasinda genetik degisimin yani
sira dagilim da artmakta, bdylece tiir i¢i depresyon riskleri azalmaktadir. (Beier ve Loe, 1992;
Bennett, 1999; Hilty vd, 2006). Tiirlerin dagilmasi, popiilasyonlar icindeki genetik degiskenlik
seviyelerini artirabilir ve boylece popiilasyonlar arasindaki sabit farkliliklari azaltabilir. Diistik
diizeyde bir gen akigt bile zararli genetik Ozelliklerin popiilasyonda sabitlenmesini
onleyecektir.

Koridorlar ayn1 zamanda hayvanlarin temel habitat disina ¢iktiginda karsilasacagi avlanma ya
da insan kaynakli 6liimlerden kaginmasma da yardimci olabilir. Genig yayilimli tiirlerin
dagilimim belgeleyen sadece birkag ¢alisma vardir, bu nedenle bu konudaki kanitlar hala
eksiktir. Koridorlar saglikli isleyen ekosistemlerin korunmasina yardimci olabilir. Koridorlar
yirtict hayvanlart habitat bolgelerinde tutmaktadir ve dolayisiyla bu bolgelerin kaybi ¢cok sayida
ekosistem sorununa yol agacaktir (Kremen ve Ricketts, 2000). Koridorlar ayni zamanda
yeniden bitkilendirme ve bitki tiirlerinin gesitliliginin artirilmasi i¢in tohum kaynagi olabilir.
Diinya ¢apinda koridor projelerinin sayist bilinmemektedir. 2001 yi1linda Diinya Doga ve Dogal
Kaynaklar1 Koruma Birligi (IUCN), ekolojik baglantililiga vurgu yaparak biyolojik ¢esitliligi
korumaya, bozulmus ekosistemleri restore etmeye ve tampon bolgeleri korumaya odaklanan
150'den fazla ekolojik ag projesi belirlemistir (Bennett ve Witt, 2001).

Ekolojik koridorlar ve aglarla ilgili en basaril1 projelerden biri, Yellowstone Ulusal Parki'ndan
Yukon Bdlgesi'ne kadar uzanan daglik bdlgenin yaban hayatin1 ve dogal stire¢lerini korumay1
ve sirdlirmeyi amaglayan, kar amaci glitmeyen ortak bir Kanada-ABD kurulusu olan
“Yellowstone to Yukon Conservation Initiative”dir. Y2Y bolgesinin yaklasik %10'u bir ¢esit
koruma alani statiisiindedir ve bu bolge, cografik ve biyolojik ¢esitlilige sahip diinyanin birkag
alanindan biridir. Yellowstone- Yukon Koruma Stratejisinde oncelikle boz ayilarin koruma
gereksinimlerine odaklanilmis, ancak ikincil olarak kuslarin ve baliklarin koruma ihtiyaglari
da dikkate alinmstir. Boz ayilarin koruma ihtiyaglari biyolojik ¢esitliligin bir gostergesi olarak
kullanilarak, Y2Y bolgesinde habitatlar1 birbirine baglayan kilit koridorlar olarak islev géren
sekiz oncelikli alan belirlenmistir (Anonim, n.d.).

Bir orman indikatdr tiirii olan Dumanli pars (Bulutlu pars) Neofelis nebulosa nin, Giineydogu
Asya'daki yayilis alanm1 boyunca temel habitat alanlarinin ve koridorlarmin belirlendigi
caligmada, arastimacilar, Giineydogu Asya'daki 42 temel habitat alan1 ve bu habitat alanlarini
birbirine baglayan 54 koridor agimi haritalamis ve derecelendirmislerdir (Kaszta, 2020).
Dumanli pars Neofelis nebulosa, Giineydogu Asya ormanlarinin ve faunasinin korunmasi i¢in
bliyiik bir elgilik potansiyeline sahiptir. Bu durum, dumanli parsi bolgedeki orman
ekosistemlerinin korunmasi i¢in potansiyel bir odak tiir haline getirmektedir. Tropikal orman
ckosistemlerinin hizla tahrip edilmesi biyolojik ¢esitlilik i¢in 6nemli bir tehdittir (Giam, 2017).
Gilineydogu Asya diinya ¢apinda en yiiksek ormansizlagma oranina sahip bolgedir ve bolge 100
yil iginde orijinal ormanlarinin dortte ti¢iinii ve biyolojik ¢esitliliginin %42'sini kaybetme riski
ile yliz ylizedir. Dumanli pars Neofelis nebulosa, Giiney ve Giineydogu Asya'da yayilis
gostermektedir ve hizla degisen dogal alanlardan ve artan insan baskisindan oldukca
etkilenmektedir. Dogrudan yararlanma ve habitat kayb1 sebebiyle, 1993-2014 yillan arasinda
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dumanli pars birey sayisinin %30 azalmasina neden olmustur (Grassman vd., 2016). Bolgedeki
arazi kullanim degisikliginin hizlanmasiyla bu oranin artmas1 muhtemeldir. Tiir, [UCN Tehdit
Altindaki Tirlerin Kirmizi Listesi'nde ‘Hassas tiir” kategorisinde (VU) listelenmistir, ve yakin
zamanda Kritik Tehlike Altindaki Tiirler i¢in Hindistan Kurtarma Programi'na eklenmistir
(Ulusal Yaban Hayat1 Kurulu, 2018). Diger kedigiller (Familya: Felidae) i¢in bir koruma ¢atisi
olma kapasitesi yiiksektir.

Belirli bir tiirtin popiilasyonunu korumak i¢in gereken baglantisallik seviyesi, popiilasyon
biiytikliigii, hayatta kalma ve dogum oranlar1 ve soy i¢i lireme seviyesi ve genetik faktorler de
dahil olmak tizere, popiilasyonun demografisine gére degisecektir (Rosenberg vd., 1997). Bu
demografik parametreler, bir koridorun etkinligini belirlemek i¢in énemli temel verilerdir.
Buna ek olarak, yaban hayati koridorlarinin etkinliginin tasarlanmasi ve takibi i¢in asagida
aciklanan bir dizi genel ilke vardir (Beier ve Loe, 1992):

1. Basamak: Koridorun baglamak i¢in tasarlandigi habitat alanlarinin belirlenmesi

2. Basamak: Koridorun tasarimi i¢in birkag¢ hedef tiir se¢imi

3. Basamak: Her bir hedef tiiriin ihtiyaglarini degerlendirme

4. Basamak: Her bir potansiyel koridor i¢in, alandaki hareketliligin, her bir hedef tiir tarafindan
nasil karsilanacaginin degerlendirilmesi

5. Basamak: Koridorun haritada ¢izimi

6. Basamak: Koridorun ve hedef tiirlerin takibi

Ekolojik Kopriiler

Ekolojik kopriiler, yaban hayatinin giivenligini, devamliligin1 ve ¢esitliligini saglamak adina
insa edilen alt ve iist gegitlerdir. Biyolojik c¢esitlilige katki saglayan bu gegitler hayvanlarin
otoyollar ile boliinmiis yasam alanlari igin 6nemli hareket noktalaridir.

Ik &rneklerini Fransa’da 1950°li yillarda gordiigiimiiz ekolojik kdpriilerin en uzunu yapimi
2006’da tamamlanan Hollanda’da bulunan, 800 metre uzunlugunda ve 50 metre genisligindeki
Natuurbrug Zanderij Crailoo Ekolojik kopriisiidiir.

Ulkemizde ilk ekolojik k&prii, Kuzey Marmara Otoyolu Projesi ile hayata gegirilen
‘Uskumrukdy Ekolojik Kopriisii’diir. Koprii bolgede bulunan karaca, domuz, ¢akal, tilki gibi
bir¢ok yaban hayvanlarini yonlendirici ve otoyolun karsisina rahatlikla gecebilme imkéni
saglamaktadir. Ayn1 zamanda beslenme, barinma, es tutma ve iireme gibi problemlerinde
oniline gegmektedir. Yesil alanlarin tahribatini onleyecek ve trafik kazalarinin da azalmasini
saglayan kopri 44 metre uzunlugundadir.

Tiirkiye’de Kuzey Marmara Otoyolu'nda 1, Istanbul- izmir Otoyolu'nda 2, Malkara- Canakkale
Otoyolu'nda 1, Tarsus- Pozanti Otoyolu'nda 1, Izmir- Cesme Otoyolu'nda 2 ve Ankara-
Eskisehir hizli tren hatt1 tizerinde ise 1 adet olmak {izere, iilkemizde 8 adet “Ekolojik Koprii”
bulunmaktadir.

Sonug¢

Habitat pargalanmasi ve kaybi, doga korumanin ana sorunlarindan biridir ve yaban hayatinin
zenginligi ve cesitliligi izerinde olumsuz etkileri olabilir. Bu sorunu azaltmanin ¢ok sayida
yolu vardir, ancak en etkili olanlardan biri pargalanmis habitat iginde baglantiy1 kolaylastirmak
ve ekolojik koridorlar tasarlamak ve planlamaktir. Koridor genellikle, organizmalarin yasam
alanlarinin parcalar1 arasinda go¢ etme kabiliyetini gelistiren dogrusal bir alandir. Bir¢ok
koridor tiirli vardir ve bunlar boyut, morfoloji, amag vb. acgilardan farklilik gosterir. Koridorlar
bir tiir i¢in yol gorevi gorebilecegi gibi baska bir tiir icin engel de olabilir. Ekolojik koridorlarin
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birgok biyolojik faydasi vardir. EKolojik koridorlar, gogleri kolaylastirirlar (giinliik, mevsimlik,
yillik), genel olarak tiirlerin devamliligini, habitatlarin baglanabilirligini ve genetik degisimi
saglarlar; avlanmadan kaginma ve ekosistemlerin saglikli isleyisinde rol oynarlar. Bu yesil
baglantilar, ayn1 zamanda kentsel genislemeyi, toprak kaymasini, erozyonu ve kirliligi de
siirlandirabilirler (Curéic’ ve Durdi¢, 2013).

Yaban hayati koridorlarinin etkinligi konusunda daha fazla ¢alisma yapilmasi gerekli olmakla
birlikte, baz1 genel degerlendirme ve tasarim ilkeleri mevcuttur ve uygulanmalidir.
Koridorlarin hedef yaban hayatt tiirleri tarafindan kullaniminin takip edilmesi, uyarlanabilir bir
yonetim i¢in koridor planlamasinda 6nemli bir adimdir (Bond, 2003).
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Examination of the Possibility of Utilizing Olive Leaves as Raw Material in Tea Production

Meltem AYAA

Oz

Zeytin agact (Olea europaea L.), insanlik tarihinde yeri olan ¢ok yonlii antik bir kiiltiir
bitkisidir. Zeytin (Olea europaea L.), Akdeniz Havzas iilkeleri ve Tiirkiye i¢in ¢cok 6zel ve
ekonomik acidan Onemli bir agagtir. Zeytinin anavatant Hatay-Maras-Mardin seridi
oldugundan iilkemizde olduk¢a genis bir yayilis alam gostermektedir. Ulkemizde Ege,
Akdeniz, Marmara ve Karadeniz kiyilarinda zeytin tiretim alanlar1 bulunmaktadir. Mucize agag
olarak nitelendirilen zeytin agacina sadece meyvesi ve meyvesinden elde edilen zeytinyagi
olarak bakmak haksizliktir. Clinkii zeytinin yapragi da tipki zeytinyagi gibi, igerdigi ¢ok degerli
fenolik bilesikler agisindan olduk¢a Onemlidir. Zeytin yapragmi degerli kilan bu degerli
bilesikler, insan viicudunun bagisiklik sistemini giiclendiren ve hastaliklara karsi viicudun
direncini artiran Oleuropein, flavonoidler ve fenolik bilesiklerdir. Bu makale zeytin
yapraklarinin ¢ay liretiminde kullanim olanaklari iizerine yapilan bir arastirmadir. Bu makale,
zeytin agacinin yan iiriinli olan ve goz ard1 edilen zeytin yapraklarinin hem tilke ekonomisine
kazandirilmasi acisindan hem de sagliga faydali bir iiriin elde edilmesinde kullanilmasinin

Ontiniin a¢ilmasi agisindan 6nem tasimaktadir.
Anahtar Kelimeler: Zeytin yapragi, Bitkisel ¢ay, Oleuropein, Fenolik bilesikler

I Dr, T.C. Tatim Gida ve Hayvancilik Bakanligi, Zeytincilik Ars. Enst. Mudurligi,35100. Bornova/ IZMIR , Oraid: :
0000-0002-2707-4638
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GIRIS

Zeytin agaci (Olea europaea L.) insanlik tarihinde yer etmis olan ¢ok yonlii kadim bir kiiltiir
bitkisidir. Tiim agaclarin atasi olarak bilinen ve anavatani iilkemizin Giineydogu Anadolu
bolgesi olan zeytin, buradan diinyaya yayilarak Akdeniz havzasinin ana bitkisi olmustur. Bu
nedenle Zeytin, diger Akdeniz Havzasi iilkeleri ve Tiirkiye icin ayri1 bir ekonomik 6nem
tagimaktadir. Tiirkiye, 864.428 ha alanda 177 milyon 843 bin adet zeytin agaci varligi ile
diinyada 2. sirada yer almaktadir. Zeytinyag iiretiminde ise Ispanya, Italya ve Yunanistan’in
ardindan 4.sirada yer almaktadir (TUIK 2022). Sadece suptropik iklim kusaginda yetisebilen
zeytin agaci, bu nedenle Akdeniz havzasi tilkeleri ve Tiirkiye i¢in olduk¢a énemlidir. Mucize
aga¢ olarak sifatlandirilan zeytin agacina, sadece meyvesi ve meyvesinden elde edilen
zeytinyag1 olarak bakmak ona haksizlik yapmaktir ¢iinkii icerdigi ylizlerce faydali bilesik
nedeniyle zeytinin yapragi da insan saghgi agisindan olduk¢a kiymetli bilesikler i¢eren bir
kismidir.

YONTEM

Zeytin yetisen pek ¢ok cografyada yiizyillardan beridir zeytin yapraginin 6zel bir 6nem ve
itibar gordiigli suyla kaynatilarak i¢ildigi halk tibbiyla ilgili pek cok calismada goze
carpmaktadir Zeytin yapragimi kiymetli kilan bu kiymetli bilesikler, insan viicudunun
bagisiklik sistemini giiclendirip hastaliklara karsi viicut direncini arttiran Oleuropein,
flavonoidler ve fenolik bilesiklerdir. Bu makale, zeytin yapraklarmmin g¢ay {iretiminde
degerlendirilebilme olanaklarinin arastirilmasi tizerine yapilan bir taramadir. Makale, hem
saghga faydali bir iriin kazanim acisindan hem de yapraklarin {ilke ekonomisine
kazandirilmasi agisindan oldukca fayda saglayacagi diistiniilerek olusturulmustur.

TARTISMA
Zeytin Yapragimin Onemi

Yiizyillardan beri zeytin yapragi geleneksek tedavide ilag olarak kullanilmis ve halen daha tip
ve eczacilikta da oldukea fazla yararlanilan bir materyaldir. Zeytin yapragi, fonksiyonel degere
sahip bir¢ok biyoaktif bilesenin dogal bir kaynagidir.

Bu biyoaktif bilesenlerin basinda fenolik bilesikler [oleuropeositler (oleuropein, verbaskosid),
flavonlar (luteolin, luteolin-7-glukozit, apigenin, apigenin-7-glukozit, diosmetin, diosmetin-7-
glukozit), flavanol (rutin), flavan-3-ol/ (katesin), fenoller (tirosol, hidroksitirosol, vanilin,
vanilik asit, kaffeik asit, p-kumarik asit, klorojenik asit)] ve o0zellikle de oleuropein
gelmektedir. Zeytin yapraginda bulunan fenolik bilesenlerin antioksidan, antifungal,
antibakteriyel, antiviral, antiinflamatuvar, antiterojenik, anti-kanser gibi pek ¢ok farmakolojik
ozellige sahip oldugu yapilan bir¢ok ¢alisma ile kanitlanmistir ( Lee ve Lee, 2010).
Antimikrobiyal ve antioksidan 6zellige sahip olan oleuropein bagisiklik sistemini gli¢lendirir,
viicut direncini arttirir. Zeytin yapragi oleuropeinin  bilinen en 6nemli kaynagi olarak
belirtilmistir (60-90 mg/g kuru agirlik) (Soler-Rivas vd., 2000 ; Gikas vd., 2007). Yapilan
calismalarda oleuropein miktarinin kiiltliirel uygulamalara, c¢eside ve yaprak rengine gore
degisim gosterdigi, tamamen sar1 renkli (dokiilme donemindeki yapraklar) yapraklarin en
diisiik miktarda oleuropein igerdigi vurgulanmstir. Yesil yapraklarin daha yiiksek antioksidan
aktivite icerdigi pek ¢ok calismada da ifade edilmistir. (Carrasco vd., 2005; Bouaziz vd., 2008
ve Garcia vd., 2000). Ekim ayinda toplanan yapraklardaki oleuropein miktarinin, Mart ayinda
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toplanan yapraklara gore daha az miktarda oldugu, yesil ve geng siirgiinlerin diisiik tiretim
hizinda olmasindan dolay1 bahar mevsimine gore daha az miktarda oleuropein igerdigi, ayrica
oleuropein miktarini renk/yas faktoriintin etkiledigi ve koyu yesil yapraklarda daha yiiksek
miktarda bulundugu belirlenmistir.

Yesilimsi sar1 ve tamamen sar1 yapraklarin (dokiilme donemindeki yapraklar) en diistik
miktarda oleuropein igerdigi yapilan ¢alismalarda saptanmistir (Ranalli vd., 2006). Fabbri vd
(2008) yaptiklar1 ¢alismada da zeytin yapragindaki fenolik bilesiklerin yaprak yasi, dal tipi
(zay1f, orta, giiclii) ve ceside gore degistigini, Mayis, Temmuz ve Eyliil aylarinda toplanan
yapraklardaki bilesikler arasindaki en 6nemli farkliliklarin ¢eside ve toplama zamanina gore
degistigini belirlemislerdir.

Hidroksitirosol ise; insan eritrositlerini (kirmiz1 kan hiicreleri) oksidatif zararlara karsi koruyan
antioksidatif bir maddedir. Rutin diger adiyla P1 vitamini dolagim saglig1 agisindan énemli bir
vitamindir ve kan dolasimi sagliginda olduk¢a 6nemli role sahiptir, zayif damar kaynakl
kanamalarin durdurulmasinda 6nemlidir. Diger mindr fenolikler ve flavonait bilesikler ise koti
kolesterol LDL diizeyini diisiiriir, bagisiklig1 giiclendirip hastaliklara kars1 direnci arttirirlar
(Sun vd., 2002).

Yapilan bir ¢aligmada farkli zamanda hasat edilmis zeytin yapraklarindaki toplam fenolik
madde igerikleri karsilastirilmistir. En yiiksek toplam fenolik madde igerigi Aralik ayinda
toplanan yaprak orneklerinden ve Memecik ¢esidinden alinirken, en diisiik icerik Eyliilde
toplanan Ayvalik ¢esidinden alinmistir. Antioksidan aktivitenin fenolik madde kompozisyonu
ve miktariyla dogrusal olarak degistigi ve mevsimsel farklilikla degisim gosterdigi, genetik
faktorlere (cesit) de bagl oldugu belirtilmistir (Saygin, 2009).

Bu nedenle zeytin yapraginin pek ¢ok farkli kullanim alanlar1 mevcuttur. Bunlardan bir tanesi
yapragin zeytin yagina katilmasi uygulamasidir. Zeytinyagi eldesi sirasinda zaman zaman %2 -
3 oraninda zeytin yapragi yaga karistirilmaktadir. Bunun sebebine gelince; olgunlasmis zeytin
meyvesinde antioksidan ozellikteki fenollerin azalmis olmasi nedeniyle yag iiretimindeki
aromay1 gelistirmek, oksidasyonu engellemek ve elde edilen yagin stabilitesini arttirmak
amaclanmaktadir. Arastirmalardan elde edilen bulgular zeytin yapraginin yaglara
eklenmesinin, daha yiiksek antioksidan igerikli daha fonksiyonel zeytinyagina izin verdigini
gostermistir (Sevim ve Tuncay, 2012).

Giiniimiizde piyasalarda ¢ay seklinde tiiketilmek tizere, ekstrakt ya da kapsiil formunda direkt
kullanilmak iizere veya 6giitliilmiis toz formda gesitli bitkisel karigimlarinda kullanmak tizere
“zeytin yapragi ¢ay1”, “zeytin yapragi ektrakt1”, “zeytin yaprag ektrakt kapsiili” gibi adlarla
cesitli iirlinlere siklikla rastlamak miimkiindiir. Bu {irlinler arasinda zeytin yapragi ¢ay1 dnemli
bir ekonomik degere sahip olup, zeytin yapraginin insan sagligi iizerinde gosterdigi olumlu
etkileriyle ilgili ¢aligmalarin varligi, bitkisel caylara olan ragbetin arttig1 glinlimiizde zeytin
yapraklarinin da c¢ay seklinde degerlendirilmesini tesvik etmistir.

Zeytin Yapragindan Cay Yapimyla Ilgili Literatiirler

Zeytin yapraginin pek ¢ok farkli kullanim alanlarindan biri de zeytin yapraklarinin ¢ay olarak
degerlendirilmesidir. Asirlardir yetistirildigi cografyalarda zeytinin yapragi suyla kaynatilarak
cay yapilarak i¢ilmis ve bu ¢ay pek ¢ok hastaligin tedavisinde kullanilmistir. Bunun nedeni var
olmasina baglanabilir. (Khalaf vd., 2008 ). Halk tibb1yla ilgili yapilan taramalara bakildiginda;
zeytin yetisen pek cok cografyada ylizyillardan beridir zeytin yapraginin 6zel bir nem ve itibar
gordiigii suyla kaynatilarak i¢ildigi gdze carpmaktadir. ilag niyetine igilen bu ¢ayn tedavi edici
ozelligi zeytin yapraginin igerdigi 100’den fazla biyoaktif maddenin varligi nedeniyledir.
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El ve Karakaya (2009) son yillarda, ¢esitli bitki ¢aylarinin saghiga etkileri konusuna oldukg¢a
fazla ilgi duyulan ve giindeme gelen bir konu oldugunu ve Akdeniz halkinin bazi hastaliklarin
iyilesmesinde yaygin olarak kullandig1 zeytin yapragi cayinin bu bitkisel ¢aylarin en yaygin ve
en eski bilineni olarak tarihe gectigini belirtmislerdir.

Zeytin yapragmin Avrupa ve Akdeniz iilkelerinde geleneksel ilag yapiminda, bitkisel cay
harmanlarinda yaprak olarak; ¢ay karisimlarinda toz olarak yaygin bir kullanim alani oldugu
yapilan arastirmalarda ifade edilmektedir (Salem vd., 2014).

Keles (2015) zeytin yapraginin Avrupa ve Akdeniz iilkelerinde geleneksel ilag yapiminda ve
bitkisel ¢ay karisimlarinda toz olarak yaygin bir kullanim alani oldugunu ifade etmektedir.
Dalia vd (2017) yaptiklar1 ¢alismada Zeytin yapragi, Moringa yapragi ve Kadife ¢i¢eginin
yapraklarinin antioksidan aktiviteleri, fenolik bilesikleri ve bunlarin antioksidan aktivitesi
degerlendirilmek iizere ¢alisma tasarlamislardir. Toplam fenolik, toplam flavonoid igerikleri
ve DPPH siipiiriicii radikal aktivite (%) hesaplandi. Bu sonuglar, Zeytin yapragi ekstraktlarinin
asir1 derecede zengin antioksidan kaynagi oldugunu gostermistir ve Moringa ekstresi
antioksidan aktivite i¢in 1yi bir kaynak olarak kabul ederken, kadife ¢icegi yapraklar1 zeytin
veya Moringa yapraklarina kiyasla diisiik antioksidan aktiviteye sahipti. Bu nedenle bahsi
gecen yapraklarin cay harmanlarinda karigim olarak kullanilabilinecegi tespit edilmistir.
Gaml1 vd (2018) Mikrodalga ile Kurutulmus Zeytin Yapraklarinin Kurutma Kinetikleri ve
Demleme Ozellikleri {izerine bir arastirma yapmiglardir. Bu calismada, zeytin yapraklar
mikrodalga uygulamasi ile 52, 90, 167, 290, 347 W gercek etkin gii¢ seviyelerinde kurutulmus
ve kurutma kinetikleri, kurutma davranisini en 1iyi betimleyen matematik modelin
belirlenebilmesi maksadiyla incelenmistir. Page model, digerlerinin i¢erisinde en uygun model
olarak tespit edilmistir. Diflizyon katsayilar1 2,65x10-10 — 6,87x10-10 m2/s araliginda
hesaplanmis olup, gii¢ diizeyindeki artigin, diflizyon katsayisinda da artisa sebep oldugu
gorilmiistiir. Kurutulmus zeytin yapraklar1 ¢ay elde etmek amaciyla kullanilmis ve farkli
demleme sicakliklariin, ¢ayin toplam polifenol (mg GAE/kg) ve radikal siiplirme aktivitesi
(%) tlzerindeki etkileri arastirilmistir. Demleme sicakligindaki artisin, 6zellikle 100°C’de
polifenollerin 06ziitlenmesini arttirdigi goriilmistiir. 167 W’da kurutulmus olan zeytin
yapraklarinin (2282,9 mg GAE/kg) diger giiglerde kurutulanlara oranla daha fazla fenolik
icerigine sahip oldugu a¢iga ¢ikmustir.

SONUC VE ONERILER

Sonug olarak zeytin yapragi, fenolik icerigi sayesinde potansiyel dogal bir antioksidan
kaynagidir. Bu nedenle de gilinlimiizde zeytin yapraklarinin ¢ay olarak degerlendirilmesi
konusu olduk¢a O6nem kazanmaya baslamistir. Halk tibbiyla ilgili yapilan taramalara
bakildiginda; zeytin yetisen pek ¢ok cografyada yiizyillardan beridir zeytin yapraginin 6zel bir
onem ve itibar gordiigli suyla kaynatilarak i¢ildigi goze carpmaktadir fakat giiniimiizde
sanayilesmenin de etkisiyle bu yararlanim sekli daha bir profesyonellesmis ve yapraklarin toz
formlarimin hazirlanmasiyla ¢ay harmanlarina katilarak kullanimi konusunda calismalar
baslatilmistir ve diinya genelinde artarak hiz kazanmaya baslamstir.
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Investigation of Bullet-Wall Interactions by Ballistic Simulations against Rigid and Deformable

Walls

Ibrahim Kutay YILMAZCOBANI*

Kaan FERIKEIL?
Abstract

The study presents an investigation via explicit computational simulations to analyze the
ballistic impact dynamics defining the interaction of a 9 x 19mm Full Metal Jacket (FMJ)
parabellum bullet with Level 1V steel (rigid) and deformable aluminum walls. The research
validates the numerical simulations performed through the explicit code LSDYNA with
experimental results, focusing on bullet impacts against walls to understand the reactions of
the bullet and the walls with a speed of 350m/s. The comparison represents an acceptable
correlation between the validated numerical approach and the experimental data for the steel
wall, proving the computational simulations' approach.

With the validated simulation methodology established, the study applies this numerical
approach to scenarios involving 6061-T6 Aluminum deformable wall. Despite the absence of
experimental data for deformable walls, the study evolves with the validated simulation. This
methodology implements it to simulate the impact of a 9 x 19mm fmj bullet against an
aluminum deformable wall. The study investigates the deformation patterns and energy transfer
dynamics induced by the bullet-wall interactions.

The computational simulations offer an accurate virtual definition of the deformation behavior
of the bullet against a rigid steel wall. Then, wall thickness optimization is applied to reach a
sufficient thickness of the aluminum deformable wall to hold the 9 x 19mm fmj bullet and
protect the target from destruction. Although experiments for the deformable wall are missing,
this study shows the potential application of validated numerical approaches in predicting the
deformation patterns where experimental data might be limited based on validated behaviors.
Finally, these findings allow us to improve the development of various structures and materials
against ballistic threats.

Keywords: Terminal ballistics, Explicit simulation, Ballistic impact, Penetration, Numerical
validation, LSDYNA.
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1. INTRODUCTION

Ballistics is a widely known topic for determining the bullet or projectile, barrel, armor,
shooting range, explosion, and interaction between them. We can investigate the ballistic
behavior of the materials in three different topics.

Interior or internal ballistics focuses on the projectile and the barrel interaction by
gunpowder, explosion, propulsion, and fluid dynamics response to throw the bullet's core out
of the barrel. The effect of internal pressure changes in the barrel causes different reactions in
the projectiles. In the literature, thousands of studies exist to provide the movement of a bullet's
core. One of the critical studies close to this research is S. Deng et al. work, which investigated
the reactions and stress distributions of 9mm bullets during the shooting period (Deng, Sun,
Chiu, & Chen, 2014) to support our work.

The second topic, exterior ballistics heading, deals with the projectile while flying in
the air and examines the flow effects, speed, pressure, etc. A study that searches flight and
penetration properties of projectiles directed by Wu et al. (Wu, Liu, & Du, 2007) calculated the
velocities of the projectiles and simulated the penetration effects.

The final topic, target or terminal ballistics research area, is the bullet-armor
interactions. The investigations cover the bullet's penetration to the armor or wall and the
deformation types of the armor and the projectile. The author's initial study dealt with the
evaluation of sequencing the composite material armor panels (Yilmazcoban & Doner, 2016)
to understand the different material layers ordered to stop the bullet. In some perspectives, the
most common way is to use theoretical and analytical approaches to find the appropriate way
to solve the problem. Gabi Ben-Dor and his friends developed analytical engineering models
of high-speed normal impact by hard projectiles on metal shields (Ben-Dor, Dubinsky, &
Elperin, 2013). The Ballistic performance maps for thick metallic armor were also determined
theoretically by Srivathsa (Srivathsa & Ramakrishnan, 1999). This study is also helpful in
defining the elastic and plastic zones of the armors.

In the last decades, well-developed computational approaches such as the Finite
Element Method (FEM) have been preferred to decrease the financial expenses. Most of the
FEM simulations are so close to the experimental results; thus, it is a common way to solve the
problems with computational software. Meanwhile, the statics problem usually uses an
"Implicit method," while ballistic studies need a dynamic approach; "explicit dynamics" codes
serve appropriate results for the dynamic issues.

Various studies show the experimental results validate explicit projectile simulations
against armor metallic plates. Different material properties should be known for the dynamic
impact scenarios to process the simulations. Considering further research studies, Rusinek
focused on the Johson Cook Material Model determinations, which is critical knowledge
regarding the impact of metallic plates (Fras, Colard, Lach, Rusinek, & Reck, 2015),
(Kpenyigba, Jankowiak, Rusinek, Pesci, & Wang, 2015). Considering the increasing usage of
composite materials, especially in the armor industry, manufacturers utilize composite
materials to decrease the weight of armor while increasing its strength. The numerical analysis
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also occurs during the simulations of the composite armor used as a striking face for a bullet
(Lopez-Puente, Arias, Zaera, & Navarro, 2005), and some of them also deal with the
constitutive models to better describe the real deformations (Ansari & Chakrabarti, 2016),
(Rajaneesh, Siridhar, & Rajendran, 2012). Finally, using only explicit simulations, numerous
researchers explain armor perforation by bullet penetration during a ballistic impact (Sahu &
Ansari, 2019), (Flores-Johnson, Saleh, & Edwards, 2011).

The study presents the ballistic impact of a 9 x 19mm Full Metal Jacket (FMJ)
parabellum bullet with a speed of 350m/s on the Level IV steel (rigid) and 6061-T6 Aluminum
(deformable) walls. The research validates the numerical simulations for the steel wall with
experimental results in the literature to prove the computational simulations' approach. The
validated simulation technique is applied to the 6061-T6 Aluminum deformable wall. Although
the study does not include the experimental data for deformable walls, it develops with the
validated simulation. Then, wall thickness optimization is applied to reach a sufficient
thickness of 15mm of the aluminum deformable wall. The study investigates the deformation
patterns of the bullet and the different wall types. The presented research shows the potential
application of validated numerical approaches to explain the deformation patterns where
experimental data is limited.

2. MATERIALS AND METHOD
2.1 Materials

During the simulation period of this work, explicit material properties were mandatory
for deformable bullet core (lead), jacket (copper), and deformable wall (6061-T6 Aluminum).
The steel material is accepted as a rigid body. The high-speed deformation characteristics differ
from the static definitions. Thus, It needs Johnson-Cook constants (A, B, N, C); effective
plastic strain at failure (PSFAIL); maximum stress obtainable from work hardening before rate
effects (SIGMAX); Saturation stress, which limits the maximum value of effective stress,
which can develop after rate effects (SIGSAT); and Quasi-static threshold strain rate (EPS0)
are added in addition to the Density (RO), Young modulus (E), and Poisson's Ratio (PR).

Table 1 depicts the explicit material properties of the parts for the Johnson-Cook
material models.
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Table 1 — Explicit Material Properties.

RO (kg/mm?)
E (GPa)

PR

A

B

N

C

PSFAIL (mm/mm)
SIGMAX (GPa)
SIGSAT (GPa)

EPSO (sY)

Materials
Lead, Core Copper, Jacket 6061-T6 Aluminum, Wall
1.135x10° 8.912x10° 2.713x10®
13.79 172.1 68.9479
0.42 0.33 0.33
3.4856x10°3 2.2438x10% 2.4758x10%
2.1089x10! 2.3951x10% 1.6383x10?
1.32066x10* 2.41802x10" 2.46837x101
0 0 0
1.58 0.871 0.4726
1x10% 1x10%8 0
1x10% 1x1078 0
0.001 0.001 0

2.2 Experiment

In this study, the experiment validates the test of a 9 x 19mm Full Metal Jacket (FMJ)
parabellum bullet against a Level IV steel (rigid) wall, which can be found in the literature

(Patreon.com,

2023). Depending on the developed test by the "Patreon/ balistichighspeed™, the

experimental data is used to compare and validate the explicit simulation of the process.

2.3 Numerical Approach

The first part of this research is the validation step of the ballistic impact test with a 9
x 19mm Full Metal Jacket (FMJ) parabellum bullet at a speed of 350m/s on the Level 1V steel

(rigid) wall.

The second part of the study focused on the ballistic impact of a 9 x 19mm FMJ
parabellum bullet with a speed of 350m/s on the 6061-T6 Aluminum (deformable) wall with
the validated explicit simulation methodology.

Before starting the simulations, the FEM model should be described. In Figure 1, you
can see the FEM model to understand the parts and mesh details. The bullet is composed of

two divisions:

lead core (green) and copper jacket (yellow). For the wall, the interaction zone

in the center (20mm x 20mm) with the bullet is finer when compared with the outer part of the
course meshed zone. The wall's width and height are 50mm, while thickness is initially not
crucial because of the rigid wall procedures. All sides are fixed to zero to hold the wall in the
space, and the bullet moves along the x direction.
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thickness
(depth)

width= 50mm

Wall (Plate)

height = 50mm

Bullet

Mesh Refinement
applied zone
(20x20mm)

Figure 1. FEM model details.

For the FEM approach, usually, mesh sensitivity analysis is needed for a better
convergence with the actual scenario. After initial tries, the most convenient mesh sizes and
the number of elements used are defined. Table 2 shows the mesh details.

With the help of validated rigid steel wall simulation, a deformable aluminum wall with
enough thickness to hold the bullet is needed to protect the target from destruction. After
numerous optimizations, deciding on a thick enough wall will catch the projectile.

The optimal description "eroding-surface-to-surface™ contact algorithm was chosen to
clerify the extensive deformation of the bullet.
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Table 2. Mesh and element details of the Finite Element Model.

Parts Element Size (min.-max.) Number of the Elements
Rigid Wall 0.25-0.62 276,480

15mm thick Wall 0.25-0.62 1,036,800

Bullet Core 0.15(in the tip)-0.25 88,740

Bullet Jacket 0.25 12,600

3. RESULTS AND DISCUSSION

The research validates the first part's numerical simulation for the steel wall with
experimental results in the literature to prove the computational simulations' approach. The
time steps will be necessary to compare the 9x19mm fmj (full metal jacket) bullet moving
toward the Level 1V steel (rigid) wall. In Figure 2, more considerations will take place.

Y 3) Time= 0.038779ms
| Z X-velocity (m/s) X-velocity (m/s)

X
EXPERIMENT SIMULATION 3.500e+02
1) Time=0 :I

3.688e+02

3.208e+02 :I
2.729e+02 _|
2.249e+02 _
1.770e+02 _
1.290e+02
8.110e+01 :l
3.316e401

-1.479e+01
-6.273e+01
-1.107e+02

3.450e+02
2.800e+02 _|
2.450e+02 _
2.100e+02 _
1.750e+02 _
1.400e+02
1.050e+02
7.000e401 __
3.500e+01

0.000€+00

X-velocity (m/s)
3.511e+02
2.984e+02 ]
2.457e+02 _|
1.931e+02 _
1.404e+02 -4
8.769e+01

3.500e+01 :I
-1.768e+01 _

7.036e+01__
1.230e+02 :l
1.757e+02

X-velocity (m/s)
2.332e+02
1.940e+02
1.549e+02 _|
1.158e+02 _
7.664e+01 _
3.750e+01
-1.628e+00 ]
-4.076e+01 _
+7.989e+01 ‘
-1.190e+02
1.582e+02 _|

Figure 2. Perspective views of critical simulation time steps for The ballistic impact of a 9 x
19mm Full Metal Jacket (FMJ) parabellum bullet with a speed of 350m/s on the Level 1V steel
(rigid) wall: Comparison of the experiment vs. explicit simulation.

During the deformation phase, the geometrical similarity between the experiment and
the numerical method can be seen clearly. At the initial steps, the bullet dispersed around the
central contact point at 0.025 ms, and the velocity was 351 m/s. When the time reached 0.038
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ms at a speed of 368 m/s, the bullet core and the jacket separated clearly, and many splits
occurred. These deep splits turned into inclusion until extra-large deformation and rupture.
After the fourth step, around 0.053 ms and decreased the rate to 233 m/s, the bullet moved
forward a bit more, and the velocity of the x direction became zero because all the separated
bullet particles started to go around in the y and z directions. With this similarity, the numerical
approach is validated with the experimental data. The timesteps investigation of the ballistic
impact shows a good correlation of around 95% analogy for the deformation.

After validation of the numerical approach, the objective is to solve the ballistic
interaction between the bullet and the Aluminum deformable wall. In the beginning, to decide
the optimum thickness, various thicknesses were applied to the simulation to determine
whether the wall was catching the bullet. With the final try, we got a 15mm width wall thick
enough to stop the projectile and absorb the shock energy of the ballistic impact, which is given
in Figure 3.
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Figure 3. Crosssection views from left: Critical simulation time steps for the ballistic impact of
a 9 x 19mm Full Metal Jacket (FMJ) parabellum bullet with a speed of 350m/s on the 6061-T6
Aluminum (deformable) wall.

At the initial steps of the solution of an aluminum wall, the tip of the bullet started to
be compressed with the increasing pressure from the wall. We try not to approach the solution
using stresses because we have no pressure values coming from the experiments. At the
timestep of 0.025ms, the nose of the bullet got wider while it penetrated the wall, and the
velocity was around 389 m/s. Because of the momentum effect of the bullet, the speed increases
till the mass of the projectile decreases to a not ineffective level. At a time of 0.04ms, the speed
of the bullet dropped below 350m/s. While the bullet moved through the target with large
deformations and perforation effects, the nose of the bullet was bulged, and the core squeezed
0.042ms with a rate of 316m/s. The squeezing effect increases the density of the lead core of
the bullet. The eroding contact continued erasing the wall elements from the numerical
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solutions because of high strain and stress. When the time steps went further, around 0.11 ms,
the velocity at x was 96.77m/s, and the bullet. After this deformation depth, the bullet almost
stopped and continued to finalize its shock energy. But because the shock energy could not
penetrate the wall further, the projectile started to bounce back until the power finished and the
bullet stopped.

During the simulations, the bullet's kinetic energy decreased by a rigid steel wall from
500kN.mm to 37kN.mm with a process time of 0.06ms. After this time, the particles of the
bullet continued with the y and z directions and will be zero later. However, the 15mm thick
deformable aluminum wall affected the bullet and decreased the kinetic energy to almost
OkN.mm around 0.13ms just in the x direction. The kinetic energy differences between the steel
and aluminum walls show that the simulation results are acceptable for determining the
problem details.

4. CONCLUSION
For the presented study, the following conclusions can be given:

After the ballistic explicit simulation of Level IV steel (rigid) wall & 9x19mm fmj (full
metal jacket) bullet, experimental data based on the literature validates the approach of this
research. Understanding the applied simulation method is acceptable considering the
deformations; the ballistic FEM simulation shows good agreement about 95% approximation
gained with the experimental data.

With the help of a validated simulation method, a 350m/s fmj parabellum bullet was
fired against the deformable Aluminum 6061-T6 wall in LSDYNA software, which has a
thickness of 15mm, and gave us a chance to understand the behavior of the bullet during
penetration and perforation.

During the thickness optimization, various thicknesses are experienced against a
parabellum bullet to decide enough wall strength. Thus, to absorb the shock energy, a 15mm
thick wall is strong enough to absorb the shock energy and safe against 350m/s speed, 9x19mm
fmj bullet.

Depending on the kinetic energy change depicted in the simulation, the 15mm
Aluminum wall holds the 350m/s fmj bullet using enough armor material and thickness.
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